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PREFACE 



TO THE FOURTH AMEBIOAK EDITION 

or 

GREGORY'S INORGANIC CHEMISTRY. 



Ths original work of Professor Gregory does not contain the 
Irnpondercu)leSy a very important department of modem Chemistry. 
The first American edition, like the European, was therefore devoid 
of Liffht^ Meat, and Electricity, an oversignt which was felt by those 
many American professors who have adopted this work in their 
colleges, as one which was almost inexcusable. While the aspirant 
for the medical profession in Europe has universally gone through 
the initiatory study of Greneral Physics, the student in this country 
is seldom provided with such an education ; but too often directly 
from the plow or the workshop — whither he has probablv earned 
the money to pay his college tuition — he takes his seat in the medi- 
cal college, prepared to derive all the knowledge necessarv to make 
him an accomplished physician from the professors of the institu- 
tion. So far as Chemistry and Physics are concerned, this task d^ 
volves upon the Professor of Chemistry, and there&»re the work 
which he adopts in his class must necessarily contain the subjects 
of Light, Heat, and Electricity, In fact^ these branches of knowl- 
edge have now become an inseparable department of modem Chem- 
istry, not only in their relations to general Chemistry, but to Medi- 
cine. Such considerations as these, rendered it obligatory upon the 
American editor to supply the matter indispensably necessary to 
perfect this work. He has accomplished the task to the best of his 
ability, so &r as the limited space allotted him for that purpose will 
admit. 

In the present advanced state of chemical science, when so many 
accomplished persons are daily exploring its wide domains, and cull- 
ing such rich matter from them, to pretend to compose an original 
work upon either of the departments of chemical science, would be 
but to perpetrate an insult upon the understanding of the intelli- 
gent reader. Whilst the matter prefixed to this invaluable work of 
Professor Gre^ry cannot be designated a compilation (the greater 
portion of it being written in the language of the editor), it still 
cannot aspire to the dignity of an original composition. The writer 
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has not hesitated to make free use of the works of the ablest physi- 
cists of the age, not failing to give each person credit for whatever 
he may have originated, when that could be satisfactorily obtained. 
This is, however, no easy task, as the greater number of modem 
works upon Physics and Chemistry, although prolific upon the sub- 
jects of modem discoveries, are too barren in regard to their origin- 
ators. 

The entire subject of the Imponderables is condensed as much as 
possible, therefore the writer has not thought it expedient to insert 
the many long and prolix tables upon the subject of heat which the 
large works upon Physics contain. He has confined himself sim- 
ply to the annunciation of the laws which govern Light, Heat, 
and Elegtricitt, together with such matter as may be of the 
greatest importance to the student in the acquisition of a general 
knowledge of these sciences. For the more prolix and recondite 
matter upon these subjects, the student is referred to the large 
works devoted especially to them. At the same time, we venture 
the assertion, that in the condensed matter contained in this volume, 
the student will not fail to find the laws of these sciences, and the 
principal facts associated with their revelation, clearly explained. 

To speak in prwse of Professor Gregory's work upon Chemistry 
proper, would be wholly superfluous, as it is used as a text-book in 
the principal medical colleges and universities in England and the 
United States, and in a translated form in the French and German 
universities. Although highly condensed, still" the student will find 
that it is quite complete ; while the processes for the preparation of 
the various substances are characterized for their brevity and per- 
spicuity. This Inorganic Chemistry of Dr. Gregory is therefore 
offered to the chemists, teachers, and physicians of the United 
States as a condensed treatise upon the science, while this conden- 
sation really relates more to words than to matter, for it comprises 
within its few hundred pages a complete treatise upon the doctrines 
of Inorganic Chemistry. 

In conclusion, the editor would return his thanks to several 
friends for their valuable suggestions and assistance, especially to 
Dr. Joseph H. Wilson, of New YorL J, M. 8. 

Kiw ToBK, September, ISEML 



PUBLISHERS' NOTICE. 



Thb delay in the publication of the fouTth edition of this work^ 
proceeded from the retarded sale of the former editions, occasioned 
bj the want of The Phtsics of Chemistbt, which is not contained 
in Gregory's work, and which is indispensable to an American edi- 
tion. The publishers are now happy to inform the public that tb's 
great retardation to what would otherwise have rendered this work 
most complete has been supplied by Professor J. Milton Sanders. 
This renders Gregory's Chemistry the most valuable extant, both in 
the arrangement, in the elucidation of its matter, and in the felici- 
tous style of its illustration. Perhaps no person has succeeded so 
admirably as Dr. Gregory in the accomplishment of condensation, 
without the sacrifice of perspicuity, and this^is what has rendered 
his work so popular, especially among those whose duty it is to teach 
the science. It is especially this class of persons who are most 
cognizant of the almost insurmountable difficulty of condensing and 
arranging the vast mass of chemical knowledge accumulated at the 
present day into one small volume of a few hundred pages. This 
great task Dr. Gregory has accomplished, and this volume is the 
result of his labors in the Inorganic department of the science. It 
is therefore offered to the public as the ablest exposition of modem 
chemical science extant (when taken in conjunction with the volume 
on Organic Chemistry), and is therefore calculated for the general 
student, as well as for those who are devoting their time to the 
acquisition of medical science. 

"Smw Yosx^ September, IWL 
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INORGANIC CHEMISTRY. 



LIGHT. 

Thb Physical Properties of Light; or the Physics ot 

Light. 

Until the time of Sir Isaac Newton, bnt little was known of the 
nature of light. That great philosopher proved that light does not 
present — in the language of one who lived before him — •* an instance 
of homogeneity,'' but that it is really of a composite nature, and 
constituted of even more distinct energies than he supposed. 

Light is imponderable, or at least is not susceptible of being 
weighed on our most delicate balances. It is in the highest degree 
expansible, and spreads itself out from its point of origin in rays 
which traverse space with great velocity. Its intensity varies in- 
versely as the square of the distance from the luminous body. It 
is the agent which produces vision. Its phenomena are explained 
either on the supposition that it is a material fluid of extreme at* 
tenuation, emanating in corpuscles from a luminous body ; or that 
it is produced by the undulations of a '^ luminiferons medium,'' set 
in motion by the incandescent body. The former is termed the 
theory of JSmanations, and originated in its present signification 
with Sir Isaac Newton. The latter is termed the theory of Undulor 
tionSj and receives its greatest support from the philosophers of 
England. 

Light passes through the air, and all other traruparent bodies^ 
with greater or less fiicility. It is entirely retarded by opaque 
bodies, unless they consist of extremely thin laminse. 

When light falls upon other bodies, either transparent or opaque, 
it is thrown off or reflected. The incident and reflected rays form 
equal angles with the surface from which the light is reflected. 

If a ray of light is passed near to a dense body, its course is 
altered. It is then said to be inflected^ or it undergoes a bending or 
inflexion. 

When a ray of light passes obliquely from a rarer to a denser 
medium, it is bent from its direct course, or is said to be refracted. 
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This also happens if the ray passes from a dense medium into one 
which is lighter, but in the latter case the ray takes a different di- 
rection from that in the former. In the case of the passage of the 
ray into the denser medium, the ray is bent towards the perpendicu- 
lar, and vke versa. Inflexion and Refraction may be accounted for 
by the supposition, that the attraction and adhesion of bodies for 
light increase with their density and combustibility. /Gmelin.) 

By refracdoQ the luminous beam is resolved into tnree colored 
rays, which are blue, yellow, and red. The yellow ray is the most 
luminous, while the red ray is the most heating. Beyond the violet, 
there is a faint lavender gray color. These colored rays are not 
&rther effected by a second refraction. 

Beyond the violet, there are a series of rays termed the actinic or 
chemical rays. They are the most refrangible of all the rays. 

When light falls upon bodies at a particular angle (35^ for glass), 
the reflected ray is possessed of properties which do not belong to 
the incident ray. It is said to be polarised. This polarisation of 
light also takes place when the ray is passed through several media, 
especially through crystals not belonging to the regular system. In 
this case the ray is separated into two rays, which are oppositely 
polarised. 

Thk Revraotion op Light. 

We will now explain the refraction of light When a ray of light 
passes from one transparent medium into another of a different den- 
sity, it is bent out of its course, the direction of the ray changing both 
at the surface where it enters, and at that where it leaves. If the ray 
passes from a rai'er into a denser medium, then it is bent towards 
the perpendicular, and vice versa. But for this fact, which to many 
persons might at first appear a subject of regret, as preventing the 
distinct vision of objects through all transparent media, light could 
have been of little utility to man. There could have been neither 
lenses as now, nor any optical instruments, as telescopes and mi- 
croscopes, of which lenses form a pait, nor even the eye itsel£ 
(Arnott) 

If the rays of light fall perpendicularly upon a transparent me* 
dium, they pass through without being refracted, or bent from the 
original line of their direction. If a ray of light from k fall perpen- 
dicularly to the surface of the piece of glass at e (Fig. 1), it will go on 
to A in the right line k e o g h. But if the same ray be directed to 
the surface e obliquely, as from o, instead of passing through in a 
direct line to &, in the direction a e mh,\i will be refracted to c^ in 
a direction approaching nearer to the perpendicular line k h. The 
ray a e is termed the ray of incidence, or the incident ray, and the 
angle a ek which it makes with the perpendicular ^ A is called the 
mgU of incidence. That part of the ray from eiod passing through 
the transparent medium, is called the ray of refraction, or the re- 
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/meted ray ; and the angle d e g -which it makes with the perpen- 
dicular is called the angle of refraction. The ray projected from a 
to e, and refracted to dy in passing out of the transparent medium, 
as at d, is as much hent from the line of the refracted ray e d aa 
that was from the line of the original ray a e b. It follows, then, 
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that any ray passing through a transparent medium, whose two 
surfaces — the one at whicii the ray enters, and the one at which it 
passes out — are parallel planes, is first refracted from its original 
course, but in passing out is bent into a line parallel to, and run- 
ning in the same direction as the original line, the only difference 
being that its course at this stage is shifted a little to one side of 
that of the original. If from the centre e a circle be described with 
any radius, as d e, the arc g m measures the angle of incidence g e 
f7i, and the arc g d the angle of refraction g e d. A line m o, 
drawn from the point m perpendicular to h k, is called the sine of 
the angle of incidence, and the line d g the sine of the angle of re* 
fraction. From the conclusions drawn from the principles of geome- 
try, it has been found, that in any particular transparent substance, 
the sine of the angle of incidence m o has always the same ratio to 
the sine d g oi the angle of refraction, no matter what be the de- 
gree of obliquity with which the ray of incidence a ei% projected to 
file surface of the transparent medium. 

If the ray of incidence passes from air obliquely into water, the 
sine of incidence is to that of refraction as 4 to 8 ; if it passes from 
air into glass, the proportion is 3 to 2 ; and if from air into diar 
mond, it is as 5 to SL {Hogg,) 
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Refraction of Light through Lenbes. 

Fi^. 2 represents the yarious forms of lenses ; a is a plain lens, or 
a plain piece of glass of equal thickness ; b is termed a concaro-con- 








Fig. 2. 

▼ex lens, or a meniscus ; c is a bi-concave, or double concave lens ; 
(f is a plano-concave lens ; e, a double convex or bi -convex lens ; / 
is a plano-convex lens. The line passing through the lenses perpen- 
dicular to their two surfiskces is termed the axis of the lens. The 
point at which the object is best seen through the lens is called its 
focus, and the distance from the middle of the lens to that focus is 
termed the focal length or distance. The point where the axial line 
cuts the surface of the lens is called the vertex ; the middle point 
between them is termed the centre, and the distance between them 
the diameter. 

When parallel rays (Big. 3) fall upon a double-convex lens I V 
parallel to its axis r' f, the ray r' r, wnich coincides with the axis, 
will pass through without suffering any refraction ; but the other 
rays r I, r" I', will be refracted at each of the surfaces of the lens, 
and the refracted rays corresponding to them, namely If, V f\ 
will be found to meet at some point jT in the axis. But when the 
rays are oblique to the axis, as « /, s" V, 1 1, i" V, the ray§ «' c, 
i' c, which pass through the centre c of the lens, will suffer refrac- 
tion at each surface ; but as the two refractions are equal, and in 
opposite directions, the finally refracted rays cfcf will pass from 
t' c, V c, and it will be found that s I, s" V will be refracted to a 
common point f\ in the direction of the central ray s' f\ and i I, 
i" V to the point/. When the lens is of glass, and equally convex, 
the focal distance will be equal to the radius. As each ray carries 
with it the image of the object from whence it proceeds, it follows 
that if those rays, after intersecting each other, and having formed 
an image at their intersection, are again united by refraction or reflec- 
tion, they will form a new image, and that repeatedly, so long as 
their order is not disturbed. It follows also that when the progress 
of the luminous ray is under consideration, we may look upon the 
imago as the object, and the object as the image, and consider the 
second image, as if it had been produced by the first, as an objeot, 
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and 80 on. This is one of the principles inrolTed in the ad«ptition 
of these lenses to magnifying objects. It hue been shown in Fig. d 
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that if the point of light be situated above the line of the axis, the 
focus will then be below it^ and vice veria ; but the sur&ce of eveiy 
luminous body may be regarded as comprehending an infinite nunt- 
ber of such points, from all of which a pencil of light-rays pro- 
ceeds, and is refracted according to the general law, so that a per- 
fect but inverted image or picture of the object is formed upon any 
surface placed in the focus, and adapted to receive the rays. 

And if the object be placed at twice the distance of the principal 
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iaeoBy ihe image being fonned at an equal dklanee on Ike other 
side of the lens, will he of the same dimensioDs vith the olject, aa 
in Fig. 4 ; but if the object is placed nearer to the lens* the image 
will be £irther from it, and of larger dimensions, as in Fig. 5 ; az^ 




on the other hand, if the object be farther from the lens, the image 
wiU be nearer to it, and ampler than itself 

But it is to be observed, that the larger the image is in propor- 
tion to the object, the leas bright it will be, because the same 
amount of light has to be spread over a greater surface ; whilst a 
gmaller image will be much more brilliant. (Hogg.) 

It is at Sie surfaces of bodies that the deflection takes place, 
while the rajr of light passes through the medium in straight lines. 
That is, upon entering at one sur&ce, the raj is bent out of its 
course, and it is again bent upon leaving the ciher surfiice. From 
this, and the foregoing, it is evid^it that, by modifying the surfiicea 
of media, the laj of light may be diverted in almost any direction* 
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is illQitrated in Fig. 6, where refraction takes place through a 
yhMUL 
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' The ray a in the above figure paases in an oblique Section into 
the prism. At the Bur&ce b, or where it enters^ it is deflected to 
e. Here, in passing out of the prism, it undergoes another defleq- 
tion, and passes off in the direction of d. 

In Fig. 7 there are two prisms placed together with their basea 
in contact An inspection merely will give the reader a clear idea 
of the direction the raja take in passing through them. 




Fif.T. 

It will be perceived from the above figure that when two prisma 
are placed base to base, parallel rays of light a a are refracted to 
a point or focus h. This is analogous to % double or bi-convei 
lens. When the prisms are placed edge to edge, then the rays of 
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Kgbt are diverted further asunder, or from the perpendicnlar, as ia 
illustrated in Fig. 8. Prisms arranged in this way illustrate the 
passage of light through a double-concaye lens. 

Thb Spherical Absrbation of Lkkbxs. 

The optician has seyeral disadvantages to contend against in the 
construction of his lenses. One of them, and perhaps the most 
serious one, is that of spherical aberration. It will be perceived 
that the rays which pass through the lens near to its axis, are 
brought to a focus &rther from the lens than those which pass 
through its circumferential portion. This is illustrated in Fig. 9| 
where the rays a 6 are passing through the lens near the circum- 
ference, and are converged to a focus at /. The rays a' a" and 
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Fig a 

V h*' are passing through near the centre, and are converged to the 
focus f. Therefore, if a screen were to be held at c rf, the central 
fays would be thrown upon it in a state of divergence, or they 
would be retarded at '/ before they had come to a focus. This 
would render the image indistinct, or there would be a want of 
" sharpness" in it The difference between the focal points of these 
central and circumferential rays is termed the spherical aberration. 
Therefore, to produce a perfect and distinct image, it is necessary 
that the curvature of the lens around the centre should be in- 
creased, so that the rays which pass through shall be brought to a 
focus nearer to the lens. And conversely, the curvature of the 
lens should be diminished nearer the circumference, so that the rays 
shall be thrown off to a greater distance from the lens. The con- 
cavo-convex lens, or meniscus, fulfils these conditions partially. This 
curvature of this lens is really the segment of an ellipsoid instead of 
a sphere, and in which the curvature diminishes from the axis to 
the circumference. It was Descartes who discovered that in lenses, 
the sections of which are ellipses or hyperbolas, spherical aberration 
18 entirely removed. This is rendered clear in Fig. 10, where if a 2, 
a Z' be part of an ellipse, whose greater axis is to the distance be- 
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tw«en its hdf/as th« index of refraction is to unity, then pinllel 
nys r l\ r" /, incident npon the eUipHeal sarfiMse V a /, will be rd- 
fracied hj the. single action of that saifsoe into lines which would 
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meet predselj in the farther focus/ if there were no seosnd surfguse 
intervening between I a I' and / But as eveiy useful lens must 
have two surfaces, we have only to describe a circle V a' I round/ 
as a centre for the second surface of the lens /' /. In this lens the 
circular surface is perpendicular to the rays refracted at the sui&ce 
I' a /, and therefore they will pass on to /without undergoing any 
farther refraction at the surface V a' I, A lens, therefore, the con- 
vex snr&ce of which is a section of an ellipsoid, and the concave 
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mtthee a flection of a sphere whose centre is in the farther focus of 
the ellipsoid, will be devoid of the properties of spherical aberration, 
knd will refiraot rays which fidl upon its convex sur&oe to the &r- 
ther focus. 

The lens I V in Fig* H is a concavo-convex lena, the concave sur- 
fiu» of which {I a' r) is a circle described round the fiurther focus 
of the ellipse. If panulel rays {h l, b* V) impinge upon the concave 
sur&ce, they will be diverged in the direction of / r^ /' r". If these 
rays are continued backwards, theywill meet in the focus /. This 
TM its virtual focus. 

If the surface of a plano-convex lens laV (Fig. 12) forms part of 
a hyperboloid, which is formed by the revolution of an hyperbola, 
the greater axis of which is to the distance between the foci as unity 
IS to the index of refraction, then parallel rays r /, r'' I' falling per- 
pendicularly in the plane snr&ce will be refracted without aberra* 
tion to the &rther focus of the hyperboloid. 
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The same property belongs to a plano-concaye lens having a 
similar hyperbolic surfieuse, and receiving parallel rays in its plane 
Bur&ce. 

It should be borne in mind that in none of these lenses would 
the object be correctly seen in focus, except at the one point, known 
as the mathematical or geometrical axis of the lens. (Hogg.) 

When the convex side of a plano-convex lens is exposed to par- 
illlel rays, they will be brought to a focus at the farther circumfer- 
ence of its own circle, minus two-thirds of the thickness of the 
lens ; but if the plane surface is exposed to the rays, then the focus 
will fall exactly on the farther circumference of its own circle, or on 
twice the radius of its convex surface. 

The combination of lenses recommended by Sir John Herschel is 
a contrivance to get rid of the spherical aberration. As the aber- 
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riitien of a concave lens is just tbe opposite of that of a convex one, 
the aberration of the one can be made to correct that of the other* 
The combination proposed by Herscbel consists of a plano-convex 
lens, and a meniscus, or concavo-convex lens. The latter is placed 
with its convex surface in contact with the plane surface of the 
former. These doublets are fully equal to those of the Coddington 
lens, if not superior to them, as they afford a large field, and are 
entirely devoid of spherical aberratidn. 

Chromatic Aberration. 

It will be seen in the solar spectrum that tbe different-colored 
rays which form white light are possessed of very unequal refrangi- 
bility, so that even tbe meniscus, which is devoid of spherical aber- 
ration, does not bring them all to the same focus. The prism is 
the best instrument to illustrate this unequal refrangibility of the 
colored rays, as the solar spectrum is but an illustration of it. This 
separation of the colored rays is termed chromatic aberratum^ and 
may be rendered clear by inspecting Fig. 13 ;. a 5 are rays of white 




Fig. 18. 

light passing through the circumference of the double-convex lens. 
l%e violet rays are brought to a focus at c, being the most refrangi- 
ble. The light there diverges in the direction of ef; d is the focus 
of the red rays, which are the least refrangible. These rays are 
crossed at e e by the violet rays. The middle point, thererore, of 
this line is the mean focus, or focus of least chromatic aberration. 

To correct this aberration was another practical problem which 
required years to solve; but it has been effectually done, and that 
great triumph of the age, the Achromatic Lens, is the result This 
was accomplished by resorting to the different dispersive powers of 
differently constituted glass. The two species of glass used are flint 
and crown glass — the dispersive power of the former being so much 

Cter than that of the latter, that if the lens a a (Fig. 14) be 
led of crown glass, whose index of refraction is 1.519, and di»» 
persive power 0.036, and the lens 6 6 be formed of flint glass — ^which 
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oontahis a qiumtitj of the oxide of lead, and is oonsequeiitly mueh 
denier — whoee index of refraction 1.689, and diepersive power 
0.0898^ and if ihe focal length of the convex crown-glass lens is 
formed so as to be 4|d inches^ while the concave flint-glass is 7}d 
inches, the compound achromatic lens will have a focal length of 10 
inches, and will bring rajs of light ^ e' to a focus at d entirely free 




rig; 14. 

of coIcMT. These achromatic lenses are now formed with great nicetj, 
and constitute particularly the '^ objectiTes" of the compound Achro- 
matic Microscope. 

The refractive power of media is generally in a ratio to their 
density and combustibility. The former is the case with the flint 
and crown glass, the former refracting with greater power than the 
latter, as its substance is denser. The refractive powers of oil fd 
cinnamon and of sulphuric acid present a striking illustration of ir- 
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rationality of dispersion. Fig. 16 will illustrate this. The longest 
spectrum is that produced by the oil of cinnamon, while the short one 
is that produced by the sulphuric acid. 
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In the case of the oil of cinnamon, the spectraro is extended to 
an abn<»inal length, while that produced by the Bnlphnric acid is 
just the reverse. If the two spectra are reduced to the same length, 
and if they be applied to each other face to face, the colored spaces 
will be recombined into white light. In the case of lenses, as men* 
tioned above, if two kinds of g^ass are nsed whose dispersive power 
is in the proper ratio, this combination of the colored rays into 
colorless light will be obtained. Thus by a proper regard to the 
cnnratnre of the lenses, spherical aberration is obviated, while by 
adopting two qualities of glass, and forming them into lenses of a 
peculiar construction, chromatic aberration is dispensed with. It 
would not be in place in a work like this to allude further to the 
subject of lenses, nor to the interesting and instructive subject of 
the passage of rays through them. This belonffs more properly to 
the science of Optics, and may be perused by tne student in works 
devoted especially to that subject, or in worts devoted to the Mi- 
croecope. ■ 

POLABISATIOK OF LlOHT. 

A ray of light having been observed b^ Huyghens not to possess 
the same properties on every side of its circumference, he compared 
it to a magnet The minute particles of which the light is composed| 
are, according to Huyghens, gifted with different poles, which, under 
certain conditions, arrange themselves in particular positions. -From 
this idea of Huyghens arose the term polarisation. We are, how* 
ever, indebted to Mains, who, in the year 1808, discovered polari- 
sation by reflection. Since that time a series of splendid phenomena 
have been elicited by various philosophers, which have given great 
popularity to this department of science. 

Sir David Brewster, in his optics, remarks that the application of 
the principles of double refhiction to the examination of structures 
is of the highest value. The chemist 'may perform the most dex- 
terous analysis ; the crystalloerapher may examine crystals b^ the 
nicest determination of their form and cleavage ; the anatomist or 
botanist may use the dissecting-knife and microscope with the most 
exquisite skill ; but there are still structures in the mineral, v^ta- 
ble, and animal kingdoms, which defy all such modes of examina- 
tion, and which will yield only to the magical analysis of polarised 
light A body which is quite transparent to the eye, and which 
might be judged as monotonous in structure as it is in aspect, will 
yet exhibit, under polarised light, the most exquisite organisation, 
and will display the result of new laws of conobination which the 
imagination even could scarcely have conceived. 

If a beam of common light is allowed to pass through a small 
orifice into a darkened room, and if it falls upon, or is reflected 
fnHn, either a crystallised or uncrystallised body ; or if it is trana- 
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mitted through a thin plate of the same substances, it will be reflected 
or transmitted in the very same manner, and with the same inten** 
sity, whether the surface of the body is held below or above the 
beam, or on the right side or the left, provided that in all cases it 
falls upon the surface in the same manner ; or what amounts to the 
same thing, the beam of solar light has the same properties on all 
its sides; and this is true whether it is white light, as directly 
emitted from the sun, or from a candle, or any burning or aelf- 
luminous body ; and all such light is called common light A see- 
tion of such a beam of light will be a circle like abed (Fig. 16), 






and we shall distinguish the section of a beam of common light by 
a circle with two diameters ah^cd^ at right angles to each other* 
If we now allow the same beam of light to £eJI upon a rhomb of 
Iceland spar, and examine the two circular beams £, formed by 
double refraction, we shall find — 

Ist, That the beams O E have different properties, on different 
sides, so that each of them differs in this respect from the beam of 
Qommon light 

2d, That the beam O differs from £ in nothing, except that the 
r:**^er has the same properties at the sides a' h' Uiat the latter haa 
at the sides cf d' \ or in general, that the diameter of the beam, at 
the extremities of which the beam has similar properties, are at 
right angles to each other, as a' b' and e* and d\ for example. 

These two beams O and E are therefore said to be polarised, or 
to be beams of polarised light, because they have sides or poles of 
different properties, and planes passing through the lines ab^ed; 
or a' 6', c' d are said to be the planes of polarisation of each beam, 
because they have the same property, and one which no other plane 
passing through the beam possesses. Now, it is a curious ^Act, that 
if we cause the two polarised beams O £ to be united into one, or 
if we produce them by a thin plate of Iceland spar, which is not 
capable of separating them, we obtain a beam which has exactiy 
the same properties as the beam ab c d oi common light Hence 
we infer that a beam of common light abed consists of ttoo beams 
of polarised light, whose planes of polarisation, or whose diameters 
of similar properties, are at right angles to each other. If O is laid 
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Ikbove E, it will produce a figure like a b e d^ and we shall therefore 
represent common light by such a figure. If we were to place O 
above £, so that the planes of polarisation a' &' and c' d! coincide, 
then we should have a beam of polarised light twice as luminous as 
either O or £, and possessing exactly the same properties ; for the 
lines of similar property in the one beam coincide with the lines of 
similar property in the other. Hence it follows that there are three 
ways of cx>nverting a beam of common light abed into a beam or 
beanas of polarised light 

1st, We may separate the beam of common h'ght abed into its 
component parts O and £. 

2d, We may turn around the planes of polarisation abed till 
they coincide, or are parallel to each other. 

dd, We may absorb, or stop one of the beams, and leave the 
other, which will consequently be in a state of polarisatioi). 

POLARISATION BY REFLECTION. 

It was discovered, as mentioned before, that if a beam of light be 
allowed to fall upon a plate of glass, as was discovered by Malus in 
1808, at an angle of incidence of 56° 45', the two beams will be 
possessed of difi'erent properties, as above mentioned, on different 
sides. If another plate of glass is held over the "first, it will be as- 
certained that the beam reflected from the first glass will pass 
through it when it is held in some positions, and not in others. If 
BOW this glass is turned round without altering its angle with the 
horizon, the light will be reflected at one quadrant, transmitted in 
the second, reflected in the third, and transmitted again in the 
fouith. Or, in other words, the beam of light has acquired the 
property of sides, one of which is reflected, the other not. The fol- 
lowing apparatus (Fig. 17) has been devised for the purpose of ilkis- 
trating the polarisation of light by reflection. The tube D is a little 
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larger than the tube 0, and fits over it. The tube C has a plate of 
glass at its end, which turns round on its axis, so that it is capable 
of forming dififerent angles with the axis of the tube. The tube, 



36 FOLABDATION BY BErBAOTIOir. 

which » larger than C, also has a plate of glass attached to its end 
in every way similar to that at C. By turning either of these tubesi 
the two plates may be placed in any position required. 

If a beam of light r « is allowed to &11 upon the plate A at an 
angle of 66° 45', and its tube be revolved so as to represent the 
position in the figure, the beam will be reflected to £. If now the 
plate be turned around till another quadrant is reached, the light, 
which was before reflected, will now be found to pass through the 
plate. If the turning of the tube is continued, when 90° more have 
been reached, the beam will have entirely ceased to pass through 
the plate, but will again be totally reflected. These changes take 
place at every quadrant, the beam being alternately reflected and 
transmitted. 

For the purpose of polarising light, several substances have been 
employed, as, for instance, the tourmaline, or glass blackened on 
one side, a bundle of thin glass plates, or a crystal of Iceland spar, 
calcareous spar, or carbonate of lime. The tourmaline is a crystal- 
line mineral, and is used extensively by opticians for the purpose of 
polarising light 

The beet mineral for the purpose is that which stops the most 
light when its axis is at right angles to the polariser and yet ad- 
mits the most when in the same plane. (Woodward.) 

POLARISATION BT BXTBACTIOir. 

The mineral called Iceland spar, or calcareous spar, which is a 
carbonate of lime, is generally used for the purpose of illustrating 
the polarisation of light by refraction. Its composition consists ^ 
one equivalent of lime 28, and one equivalent of carbonic acid 22. 
It is found in various forms, but whether in the crystallised or in 
mass, it can be split into the shapes represented by Fig. 18. This 
figure is called a rhomb of Iceland spar. It is a solid, bounded 
by six equal and similar rhomboidal surfaces, the sides of which are 
parallel, and the angles bac^acd are 101° 65' and 78^ 6^ 




The line a :r is the axis of the crystal or rhomb. It is equally 
inclined to each of the six faces, at an an^e of 46° 23'. This crys- 
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tal 18 generally colorless and transparent; and when Bplii:, its faces 
are generally highly polished and even. If this should not be the 
case, then the faces can be ground and polished, or the same may 
be effected by new cleavage. 

If we look through a crystal of Iceland spar at a dot upon paper, 
there will be represented two dots. If the paper be now turned 
around, the dots will appear to revolve likewise twice in the revolu- 
tion, appearing to fall upon each. This occurs when the paper has 
been turned one-half round, or when the two dots are turned one- 
half around from the position they at first occupied. In Fig. 19 
the dots appear double, as at « and/. 




K a ray of light g h Ms upon the crystal, it will become separ- 
ated into two rays in its passage through the ciystal, and which are 
represented by uie letters hf^ne* Upon arriving at the opposite 
surface of the crystal, the two rays will pass out at e/, in the direc- 
tion of the lines i it, and which are parallel to ^ A. The letters / m 
n o indicate the principal section of the crystal. The line drawn 
from the solid angle / to the angle o designates the axis of the crys* 
tal, and is the optic aads of the mineral. All beams of light which 
pass along this axis are undivided, and conseanently but one image 
IS formed ; but in whatever other direction me beam takes in its 
passage through the crystal, there are formed two images. 

If two crystals are placed upon each other with their principal 
sections at nght angles to each other, the ordinary ray, reflected by 
the first, will be the extraordinary in the second, and vice venk 
At the intermediate position of the two crystals there is a subdivi- 
sion of each ray, and therefore four images are seen. When the 
crystals are at an angle of 45^ fh>m each other, then the images are 
all seen of equal intensity* 
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The Production of Color bt Polarised Light. 

The following diagram (Fig. 20) will illustrate the production of 
color by polarised light It supposes that light is manifested by the 
vibrations of an attenuated medium termed the luminiferous. We 
have in another place given our reasons wherefore we regard the 
sun's light as a compound consisting of several activities. Perhaps, 
for the present, the colorific rays may be regarded as vibrations of 
the luminiferous medium, although this is not proved, and therefore 
should not be accepted as an ascertained truth. 

That the diagram may be rendered as intelligible as its inventor, 
Mr. Woodward, has done in his able work upon Polarised Light, it 
would be well to remark that ordinary light is represented by a 
cross, which indicates that its vibrations are in planes at right angles 
to each other. When only one set of such vibrations are shown, 
then the light is regarded as polarised. In Figure 20, a b c d 
represent the rectangular vibrations of common light ; a is a plate 
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of tourmaline, with its axis in a vertical direction. This plate is 
termed the polariser, / is a beam of polarised light obtained from 
ab e d hj the arrestage of the plane ad; ^ is a film of selenite, of 
guch thickness as to produce red or green light ; A, the polarised 
beam /split into two planes at right angles to each other; t, a sec- 
ond or analyser, with its axis in the same direction as that of «• 
By this, all the vibrations that are not inclined at a greater angle 
than 45° to the axis of the analyser, can be transmitted and again 
brought together ; k, the waves Mo Me of the red light, meeting in 
the same state of vibration, and forming a wave of red light of doa- 
ble the intensity ; / m, the waves Yo Ye and £o Be for yellow and 
blue meeting together, with a difierenoe of an odd number of half 
undulations, and thus neutralising each other by interference ; n, the 
resultant red light. 

In the next line of figures may be seen what takes place by turn- 
ing the analysing tourmaline one quarter of a circle : k represents the 
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polarised beam split into two rajrs ; i, the touimaline tnnied so that 
its axis is at right angles to that in the preceding figure ; if the 
waves i^ ^ of red light destroying each other by interference ; / m, 
the waves Jo Ve and Bo Be for yellow and blue, meeting together 
in the same state of vibration, and by their coincidences producing 
waves of double intensity for yellow and blue light ; 91, green light, 
resultiDg from the mixture of the yellow and blue light respectively. 
By substituting Nichol's prisms for the two plates of tourmaline, and 
by the addition of the object^lass and eye-piece, the diagram would 
then represent the passage of polarised light through the micro- 
scope. 

Seleniie is used in the polarisation of light The particular tint 
of color is determined by the thickness of the selenite. If the same 
mineral is of 'different thicknesses, then different colors are produced. 
These facts admit of the most beautiful results when used properly 
under the miscroscope. 

Selenite is the natural hydrated sulphate of lime crystallised. It 
frequently occurs in veiy large crystiUs, which present the form of 
an oblique rectangular prism, with ten rhomboidal faces. Two of 
these faces are larger than the others, and admit of being split into 
thin laminsB parallel to them ; these laminee, having a thickness of 
one-twentieth to one-sixtieth of an inch. In the two rectangular 
directions, they allow perpendicular rays of polarised light to pene- 
trate them unchanged. These directions are termed the neutral 
«R>. In the two other directions, which form angles of 46° with the 
neutral axis, these laminss have the property of double refraction. 
These latter directions are termed the depolarismg , doubly refractifig 
axis. 

There is a salt of quinine which appears to possess great polarising 
properties. It is prepared by dissolving disulpbate of quinine in con- 
centrated acetic acid. The solution, after being warmed, has dropped 
into it carefully, and by small quantities at a time, a spiritous solu- 
tion of iodine. Brilliant plates of the new salt will be formed, after 
having set the solution aside for a while. The crystals of this salt, 
by reflected light, are of a brilliant emerald green color, not unlike 
the crystals of meurexide, and presenting the metallic lustre charac- 
teristic of the eiytrffi of many beetles. By transmitted light they 
present but little color, and that of a slight olive-green. If two 
crystals lay across each other at right angles, the place of intersec- 
tion is marked by perfect blackness, although the crystals may not 
be the five-hundredth of an inch in thickness. Light in the slight- 
est degree polarised — as even by the reflection from a cloud, or by 
the blue sky, or from the glass surface of the mirror of a microscope 
placed at the polarising angle — these prisms immediately assume 
complementary colors, one appearing green and the other red, while 
4he place at which they cross is of a deep brown color. This salt 
possesses the properties of tourmaline in an exalted degree, as well as 
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of a plate of aelenite, 00 that it poaaoflaeB theproperties of polarising 
a ray of light, and then of depolarising it« These crystals nave been 
lately formed by Dr. Herapath, their discoverer; large enough to an- 
swer the purpose of an analyser to the microecope. This is a great 
desideratum, as by these crystals all the phenomena of polarised Tight 
can be effected without the use of the tourmaline or Nicholas prism. 
Besides, the brilliancy of the colors is much more heightened by 
the use of these crystals, than if either the tourmaline or the Nich- 
ol's prism were used. As an analyser above the eye-piece of the 
microscope, it offers advantages over the NichoPs prism in the same 
position, as it gives a perfectly uniform tint of color over a mneh 
more extensive field than can be had with the prism. 

The discovery of the wonderful polarising properties of the double 
salt of quinine and iodine, has led to the adoption of polarised light 
for the detection of the salts of the alcoloids, ^^ in the urine 
of patients. By this means Dr. Herapath has succeeded in detect- 
ing the one-millionth part of a grain of quinine in organic fluids. 

This application of polarised light is another evidence of the good 
results which accrue from discoveries which at first appear to present 
no real value to man. It is desirable to the medical man, that he 
' should be enabled to trace the progress of his medicine through the 
system — ^if it should pass undecomposed through it ; and if not, that 
he should be aware of the fact. The test fluid for the purpose is 
composed of a mixture of three drachms of pure acetic acid, with 
one fluid drachm of rectified spirits of wine, to which is added six 
drops of diluted sulphuric acid. If one drop of this test fluid is 
placed on a slide, and the minutest quantity of alcoloid is added, 
solution in a brief time will take plac«. Then upon the tip of a very 
fine glass rod, let an extremely mmute drop of tne alcoholic solution 
of iodine be added. The first effect is the production of the yellow 
or cinnamon-colored compound of iodine and quinine, which forms a 
small circular spot The alcohol separates in little drops, which, by 
a sort of repulsive movement, drive the fluid away. After a time, 
the acid liquid again flows over the spot, and the polarising crystals 
of sulphate of iodo-quinine are slowly produced in beautiful rosettes. 
This succeeds best without the aid of heat To render these crys- 
tals evident, it is only necessary to place the glass slide under the 
microscope, with the selenite stage and single tourmaline, or Nichol's 
prism, beneath it Instantly the crystals assume the two comple- 
mentary colors of the stage : red and green, supposing that the 
pink stage is employed; or blue and yellow, provided the blue 
selenite is made use of. All those crystals at right angles to the 
plane of the tourmaline, produce that tint which an analysing plate of 
tourmaline would produce when at right angles to the polarising 
plate ; whilst those at 90^ to these, educe the complementary tint^ 
as the analysing plate would also have done if revolved through an 
arc of 90**. 
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To test for quinidine, it is merely necessary to allow tbe drop 
of acid floiutioD to evaporate to dr3rBe88 upon the slide, and to exam- 
ine the crystalline mass by two tourmalines, crossing at right angles, 
and without the stage. Immediately little circular discs of white, 
with a well-defined black cross very vividly shown, start into exist- 
ence, should quinidine be present even in very minute traces. If we 
employ the^ selenite stage in the examination of this object, we ob- 
tain one of the most gorgeous appearances in the whole domain of 
the polarising miscroscope. The black cross at once disappears, and 
is replaced by one which consists of two colors, being divided into a 
cross having a red and green fringe, whilst the four intermediate 
sectors are of a gorgeous orange-yellow. These appearances alter 
upon the revolution of the analysing plate of tourmaline. When 
the blue stage is employed, the cross will assume a blue or yellow 
tint, according to the position of the analysing plate. (Herapath.) 

The application of polarised light to the illumination of very 
minute structures, has not yet been fully carried out. But still there 
is no test of differences in density between any two or more parts of 
ihe same substance that can at all approach to it in delicacy. All 
structures, therefore, belonging either to the animal, vegetable, or 
mineral kingdom, in which the power of unequal or double refrac- 
tion is suspected to be present, are those that should especially be 
investigated by polarised light Some of the most delicate of the 
elementary tissues of animals, such as the tubes of nerves, the ulti- 
mate fibrillee of muscles, &c^ are amongst the most striking objects 
that may be studied with advantage under this method of illumina- 
tion. Every structure that the microscopist is investigating, should 
be examined by this light, as well as by that either transmitted or 
reflected. Objects mounted in Canada balsam, that are far too deli- 
cate to exhibit any structure under transmitted, will often be seen 
under polarised light. Its uses therefore are manifold. (Queckett.) 

Epifoused and Fluorescent Light. 

Most persons have noticed the difference of color exhibited by 
a solution of sulphate of quinine, acidulated with sulphuric acid, 
when examined by transmitted and by reflected light. In the for- 
mer it presents a transparent colorless solution, while in the latter it 
assumes the appearance of a beautiful blue color. A variety of the 
mineral called flnor spar, or the fluate of lime, presents the same 
phenomenon. A glass colored yellow by the oxide of uranium does 
the same, except that the reflected light is green instead of blue, as 
is the case with the quinine solution. Sir John Herschel has shown 
that these blue or green hues proceed fi'om a thin stratum of the 
fluid at the surface, and that the rays of light which have passed 
through this stratum, lose their property of producing the same 
effect. These rays Herschel has termed tiie Epipolic or UpipolUed 
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light Similar phenomena have been produced in a solution of 
chlorophyle, bj passine a beam of solar lights concentrated by a lena^ 
into the solution. When the quinine solution was examined in this 
way, it was ascertained that the light was not only dispersed at the 
surface, but likewise at some distance within the body of the fluid. 
(Brewster.) 

If a ray of light, concentrated by a lens, is thrown intb a solution 
of quinine, or into a piece of uranium glass, a cone of rays of a blue 
color for the quinine, or of a green color for the uranium glass, will 
be observed to penetrate the medium. These rays are entirely dif- 
ferent from the rays of the ordinary spectrum. If a pencil of light 
is refracted by a prism, and these refracted rays, being first received 
on a good achromatic lens, the spectrum is thrown upon others of 
the above media, or any of those formerly mentioned, and we look 
through the sides in upon the image, we shall see all the least re- 
frangible rays, rendered evident by motes in the fluid passing 
freely through ; and if the spectrum is received on a screen, but lit- 
tle loss of light or color will be perceived. From a certain point 
near the least refrangible violet rays — but this varies somewhat with 
the medium employed — small cones of .light, of the peculiar colors 
of the liffht from the surfisu^ of the quinine solution, or the canaty 
yellow (uranium) glass, will be seen passing into the solution or 
glass to various depths, and these will be found to extend with rsry- 
ing degrees of intensity beyond the violet and lavender rays. By 
this method it is shown that rays of high refrangibility, existing 
over the space usually included in the term, **Ritter's dark ray^," are 
rendered visible. Hence it has been inferred that, since the most 
active chemical rays exist within the limits comprehended by these 
rays, that they are rendered visible. (Stokes.) This peculiar 
optical phenomenon has been designated by Professor Stokes as 
Fluorescence. The results of his lengthy series of investigations 
may be comprehended in the following 

In the phenomena of true internal dispersion, the refrangibility of 
light is changed, — incident light of definite refrangibility giving rise 
to dispersed Ught of various refrangibilities. 

The refrangibility of the incident light is a superior limit to that of 
the component parts of the dispersed light. 

The color of light is in general changed by internal dispersion, 
the new color always corresponding to the new refrangibility. It is 
a matter of perfect indifference whether the incident njs belong to 
the visible or the invisible part of the spectrum. 

The nature and intensity of light dispersed by a solution, appear 
to be strictly independent of the state of polarisation of the incident 
rays. Moreover, whether the incident rays be polarised or unpo- 
lansed, the dispersed light offers no traces of polarisation. It 
seems to emanate equalty in all directions, as if the fluid were self- 
luminous. 
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The phenomena of a change of refrangibility prore to he ex- 
tremely common, eepecially in the case of oiganic substances, such 
as those ordinarily met with, in which it is almost always mani- 
fested to a greater or less degree. 

It affords peculiar facilities for the study of the invisible rays of 
the spectrum, more refrangible than t^ violet^ and of the absorbing 
action of media with respect to them. 

It furnishes a new chemical test of a remarkably searching char- 
acter, which seems likely to prove of great value in the separation 
of organic compounds. The test jr specially remarkable for this, 
that it leads to the independent recognition of one or more sensitive 
substances in a mixture of various compounds, and shows to a great 
extent, before such substances have been isolated, in what menstrua 
they are soluble, and with what agents they enter into combination. 

It therefore appears that the solar light is composed of at least 
three luminous or colorific rays ; of the Actinic, or cnomical rays ; of 
the Thermic, or heating rays ; and of the Fluorescent and Epipolised 
rays. It is maintained by some, that besides the three colorific rays, 
blue, yellow, and red, there are the lavender and the extr^ase red. 
There are other rays, again, which appear to retard chemical action. 
Whether they are rays per m^, possiMsed of a peculiar nature ; or 
whether their retarding influence, and that {uroduced in the matu- 
ration of fruits and flowers, and in the changing of the color and 
condition of the chlorophyle of foliage in the autumn, is due to that 
of the other rays, remains yet to be discovered. 

Magketisino Propertibs of Light. 

For thd last twenty years the question has been discussed, whether 
either of the solar rays possesses the power to develope magnetism 
in iron or steel. Dr. Morichini first announced that the violet ray 
imparts to iron the property of polarity. The experiments of Mrs. 
Somerville were soon afterwards published, which went far to estab- 
lish the assertion of Dr. Morichini. Immediately upon reading these 
experiments of Mrs. Spmerville, we were led to suspect that she had 
deceived herself. Our reasons for this conviction are these. It is 
well known to electricians, that if a piece of steel be laid for a short 
time with its axis in the direction of the magnetic meridian, that it 
will soon become magnetic This led us to suspect that perhsps 
Mrs. Somerville, and those who had preceded her, and likewise 
those who had subsequently confirmed her experiments, had laid the 
needles they magnetised directly alon^ the magnetic meridian, or 
north and south. With a view of testing the truth of these experi- 
ments, we submitted a number of needles, previously determining 
that they were not possessed of magnetism, to the action of the violet 
ray. Some of these needles we }»laced directly north and south, 
and others east and west After several hours had elapsed we ex- 
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amined them, when we percdyed that thoee which had laid north and 
aottth had acquired a feeble polarity, while those which had reposed 
eaat and west, were entirely free from magnetism. We ascertained 
that no lenffth of exposure of the east and west needles to the violet 
n^, or to the direct sunshine, would develope magnetism in them ; 
while it only required a fey hours in the shade, and not exposed to 
any of the isolated rays, but only to diffused daylight, to develope 
magnetism in the north and soudi needles. The developement of 
magnetism by the action of light, has therefore arisen from error in 
deduction. The magnetism ^ the needles was only that secondary 
polarity derived from the inductive influence of the earth, and was 
not developed through the action of either violet or white light. 

Maonbtisatiok 07 Light. 

An elaborate series of experiments, made by Professor Faraday, 
would appear to prove that light is susceptible ci being strongly itf- 
fected by the magnet, and that therefore it posesses polarity. But 
it appears that in all of Dr. Faraday's investigations, some transpa- 
rent medium was always required in order to obtain the successful 
polarisation of light, and that the amount or strength of polarisation 
was in a ratio to the density of the mediunu j^m this it would 
appear that the light was not polarised. The molecular arrange- 
ment of the medium through which the ray was passed was altered, 
so that there was a change in its refracting power, which of course 
changed the condition to the light as it passed through it 

The experiments of Dr. Faraday do not appear to have revealed 
any new properties in the solar beam, at least so far as its suscepti- 
bility to magnetism is concerned. 

Phospboresoekoe. 

Phosphorescence is light without heat So far as our most deli- 
cate instruments are concerned, no heat has been detected in phos- 
phoric light, not even by Melloni's Thermo-Multiplier, the dellca<^ 
of whicn is such that the vital heat of insects are cognisable 
by it 

1. Phosphorescence t^f lAving Animals, — ^The phosphoric light of 
livinff animals appears to proceed from a fluid given out by them, and 
which probably contains phosphorus^ or some element which com- 
bines at ordinary temperatures with the oxygen of the air, or of the 
water. The elimination of this fluid appears to depend upon the 
volition of the animal. The vital process may be the mediate cause 
of the phosphorescence, and not the immediate, as is maintained by 
several philosophers. It is evident that the excitation of the animal, 
through immersion in oxygen gas, is the cause of the increased 
glow of its light ; as its diminbh^ intensity in mediums which havie 
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a tendency to depress the vital poweis, j^rooeed from the opposite 
oanse. ' 

Those animals irhich emit a phosphoric glow during life, belong 
to the lower classes of existence, suon as the worms and insects,— 
also several species of infusoria and medus®. 

2. PhosphoreBeenee of Living PhntSd — There are several species 
of flowers which give put flashes of phosphoric light on fine summer 
evenings, just after, sunset There are ten varieties of these plants 
enumerated, which emit light of nights. 

Many pUmte emit a steady glow. This proceeds probably from the 
formation of some substance which oxidises slowly. This substance, 
Gmelin thitzlDB, does not contain phosphorus^ but some compound 
containing carbon and hydrogen. The foliage of the Phytdacea 
decandra emits a bluish green light steadily fi^m early in the even- 
ing until midnight There are seven plants enumerated which give 
out a steady li^t, besides many confervse* 

. 3. Phosphcr^cence of Putrefymg Animala. — ^In the presence of 
moisture and a certain temperature, and when oxygen is present, a 
peculiar decomposition talDss place in dead animal matter. This 
appears to be the incipient process of putrefaction, and gives rise to 
•a glutinous substance, the constituents of which, are susceptible of 
oxidising with the elimination of a pale feeble light, and no heat. 
Human bodies are occasionally j^osphorescent We have witnessed 
one instance whidi exhibited itself vividly in taking up a body whic}i 
had laid ibr several days. A pillar of a^very nhosphorescent light 
arose for eight or ten feet above the grave, ana remaioed there for 
several minutes. This phosphorescent matter appears to be conta- 
gious by contact, as one body, not before luminous, has been known 
to become so by contact with another which was. The luminous 
matter generated, appears to be of an oily nature, and can be re- 
moved by the finger, where it continues to emit light It shines with 
great vividness under the microscope, with a vacillating motion, as 
if it were the receptacle of innumerable lafudoria, which however is 
not the case. This luminous substance continues to shine in oxygen, 
carbonic acid, phosphoretted hydrogen, carbonic oxide, and nitro- 
gen. It loses its luminous properties in a vacuum, but recovers it 
upon the admission of air. The luminousness is extinguished in 
sulphuretted hydrogen and chlorine gas. 

Phosphorescence is readily exhibited by searches. Sixteen varie- 
ties are enumerated which give out a phosphorescent light Many 
fishes afler death give out a luminousness if in contact with oxygen. 
This proceeds from a process of decomposition, and is attended with 
no rise of temperaturei This phosphorescence disappears when fetid 
putrefaction has fairly set in. 

4. Phosphorescence of Decaying Plants, — ^In the presence of air 
and moisture, plants undergo phosphorescence, but a small quantity 
of oxygen must be present. The Inminoua compound generated by 
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fhe decompositioD of wood, is a slowly combustible compound fonned 
of carbon, nydro^n, and oxygen, from the original proximate con- 
stituents of the plant. More than a dozen species oi wood are enn- 
merated which become phosphorescent The phosphorescence of 
wood is attended with the absti'action of oxygen from the air, and 
the production of carbonic acid gas. (Dessaignes.) 

Phosphorssobkob bt Insolation, or Irradiation. 

There are a number of bodies which possess the property of giTing 
out light after having been exposed to the solar rays. The cause of 
this is perhaps that the phosphori absorb light pure and unaltered, 
and then give it out again devoid of its heat This would appear 
to give strength to the corpuscular theory of light The cause of 
this phenomenon is probably that the bodies, by being exposed to 
light, absorb a portion of it unaltered into their substance by adhe- 
sion, and subsequently give it out in a dark place — because there 
the effort of the light to diffuse itself uniformly through the space 
devoid of light, overcomes its adhesion to the ponderable matter. 
(Gmelin.) 

1. Bofmonian Phosphorus, — ^This is formed of the sulphate of ba- 
ryta, which must be perfectly free from iron and other metals. 

2. Strontian Phosphorus, — ^This phosphorus is prepared by heat- 
ing it in a crucible, as is the process with the above. Its power of 
absorbing light may be greatly increased by adding from three to 
four per cent, of the powdered ceelestin. 

3. ConUm^s Phosphorus, — ^Tbis is really the sulphide of calcium, 
and is prepared by adding calcined oyster-shells to sulphur in a cru- 
cible, and submitting to strong heat 

4. Osarm^s Phosphori, — One of these phosphori is prepared by 
heating calcined oyster-shells with finely powdered sulphide of anti- 
mony m a crucible. 

Another is made by the process mentioned above, only using 
Realgar (the sulphide of arsenic) in the place of the sulphide of an- 
timony. 

5. Winch's Phosphori — Is composed of burnt oyster-shells and 
the tersulphide of arsenic. Another contains the oxide of zinc. 
Another with the oxide of cadmium. Another with the peroxide of 
zinc. Good phosphori are made by igniting the hyposulphite or 
sulphate of baryta, strontia, or lime, with three or four j^er cent 
of magnesia. 

6. Homhur^s Phosphorus is made by melting one part of sal 
ammoniac with two parts of slaked lime. It is a chloride of cal- 
cium. 

7. BcddvnrCs Phosphorus, — This is the nitrate of lime, fused until 
the nitric acid begins to decompose. 

The above phosphori possess the property, when they are exposed 
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to tlie ediar raysy of absorbing ligbt in greater or less quantity, and 
of givinff it out again when brought into the dark. Several of them 
become luminous by exposure to strong artificial light. 

The diamond is even rendered luminous by moonlight This is 
also the case with Conton's phosphorus. This phosphorus becomes 
luminous after an exposure of two seconds to dayught, even after 
being immersed in water. 

A number of investigations have been made, with the view of as- 
certaining which of the solar rays produce phosphorescence. The 
violet rays, or the actinic, which are located within the violet lights 
appear to be the exciting cause of phosphorescence. This is proved 
from the £Eict that the power of producing luminousness increases 
with the refrangibility of the rays. The red rays, or those least re- 
frangible, do not induce phosphorescence. In fact, phosphorus, 
which has been rendered luminous by the violet or white light, soon 
loses its brightness by being placed in the led r^ys. Phosphorus 
placed in the violet rays, has light induced within it, quite as viv- 
idly and speedily as can be done by white light condensed through 
a lens. From this we arrive at the conclusion that it is the actinic 
or chemical rays alone which induce phosphorescence. Some of the 
above phosphori lose their properties in time, but regain them again 
after having an electric shock passed through them. In fact, several 
of them become luminous when the electric spark is passed near 
them — equally as much so as if they were exposed to sunlight 
But it is the light of the spark which perhaps induces the phospho- 
rescence. 

When these phosphori have lost their power to shine, they ac- 

auire it a^ain by being heated in the dark. It seems therefore that 
bese bodies, at the ordinary temperature, contain a certain quantity 
of light so intimately combined with them, that it cannot diffuse it- 
self through a dark space by virtue of its own elasticity, but that the 
capacity of bodies to fix light diminishes as their temperature rises. 
(Gmelin.) 

Nearly all the earthy minerals become luminous when heated. 
Also several of the salts, as sulphate of quinine and cinchonine. 
Several of the resins, when submitted to a heat at which they begin 
to char, become phosphorescent This, perhaps, ensues from a pro- 
cess of combustion. 

Phosphorescencx of Crtstallisation. 

Many salts in crystallising from their solutions, emit sparkling 
light Benzoin, in passing from its vaporous condition to that of 
erystallisation, gives out a bright sparkling light This phenome- 
non, perhaps, depends upon the passage of the substance from the 
amorphous to the crystaUine condition. Sulphate of potash when 
crystallising, gives out sparkles, and this contmues until the salt is 
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entirdy GrystaUised. One partof comoum salt, and two parte otmif 
phate of potash, emit sparks while crystallising. These orystala be- 
come phosphoreseeiit when rubbed. Salpbate of potash, cream of 
tartar, and common salt, become highly luminous while crystRllisinff. 
These crystals shine for several days after. Sulphate of magnesia 
deprive these crystals of their luminousness. The crystals separated 
from a solution of sulphate of cobalt and potash, give sparks after 
they are taken from the solution. 

From the instances given above, and hundreds more might be 
given, it appears that the sulphate of potash possesses the property in 
Uie highest degree, of emitting light while passing from its solution 
to a crystalline state. If, however, other salts are mixed or com- 
bined with it, the light appears to increase. The emission of light 
in the instances above, generally takes place with the developement 
of beat. Therefore, many bodies in passing frx>m the amorphous 
to the crystalline state, develope light solely J while others, such as 
grape-sugar, develope heat without the emission of light. 

Artificial Light. 

The most vivid artificial light that we are capable of producing, 
is that of carbon, ignited by the voltaic current This light is not 
the result of combustion, although much of the carbon is converted 
into carbonic acid during the ignition. In a vacuum, the ignition 
of the carbon takes place with equal facility and vividness, the carbo- 
naceous particles passing through the illuminated are from the 
anode to the cathode, upon which it is deposited, the concavity of 
the anode corresponding to the convexity of the calthode. But the 
writer of this article, in the year 1845, devised another method of 
producing the voltaic light. It was, instead of attempting to give 
stability to the disruptive discharge, to pass the current tnrough a 
small cylinder of carbon. By means of electro-magnets, the length 
of the cylinder was regulated by the quantity of the current which 
passed, so that the carbon was almost at the point of fusion all the 
time, and therefore in its condition of most intense vividness. This 
cylinder was inclosed in a vacuum, so that the oxygen of the air 
could not act upon it. This light has since been patented by othen 
in Europe, but is essentially the same, only slight and immaterial 
variations of the apparatus, and none in the pnnciple, having been 
made. 

Next to the electrical light, the calcium or oxy-hydrogen light, is 
the most vivid. It was discovered by Dr. Hare, of Philadelphia, 
soon after his great discovery of the oxy-hydrogen blowpipe. This 
light is produced by ejecting from a small orifice two streams of 
gas, one of oxygen, the other of hydrogen. These gases, when 
passed out of the orifice in the proportion of one volume of oxy- 
gen to two volumes of hydrogen, and thrown upon a cylinder of 
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qnic^-lime, having previously liffhted tl^tn, soon bring the lime vp 
to an intense heat. This incandesoence, together with the pecnliar 
hiiiiinosity which lime eives out when heated, irrespective of its tem- 
perature, produces a bnght white lights which can be seen a great 
distance at sea. The light prodnoed by the voltaic battery on car- 
bon, and that produced by oxy-hydrogen gas on lime, is possessed 
of the properties attributiMi to white light. It is susceptible of polar- 
isation, of being separated into the colorific, thermic, and actinic 
rays, and produces on sensitive paper the same effect as thi& solar 
light, only not in such a marked degree. This is generally the effect 
of all artificial light, except that which emits too many of the yellow 
rays, which retard the action of the actinic ones. The subject of 
Artificial lUomination belongs to another department of the science. 

Thb drsMiCAL Properties OF Light; or Actino-Chemistrt. 

It has been stated that there are two theories respecting light 
One supposed that the manifestations of light proceed from the oscil- 
lations or vibrations of an attenuated ether, or all-pervading princi- 
ple. This theory supposes that the length of these waves determine 
the color, and that the shorter the wave, the more there is manifested 
a tendency to those colors which are most refhmgible, as the blues 
and violets. It supposes that a prism only serves to bend these vi- 
brations out of their rectilinear path. Heat is supposed to be the re- 
sult of these vibrations, but in waves pulsating to a slower time 
than liffht, as the refraction ib less. Chemical action is imagined 
to be the result of these vibrations, but infinitely more rapid than 
either those of heat or light These, it should be remembered, are 
mere hypotheses, which account for some of the phenomena per- 
taining to light, but not all. The hypothesis of the undulations, 
or waves, in an attenuated ether, may perhaps, for the present, an- 
swer for the luminous rays, but it will not stand the test in regard 
to those more refrangible ones which produce chemical ^tion. 

Suppose we form two spectra upon a wall by means of two 
prisms. Each of these spectra produces a chemical effect upon 
chloride of silver, from the edge of the green ray to beyond the vio- 
let or lavender gray. Now throw the inactive yellow ray of one of 
these spectra upon the active violet ray of the other. By this means 
chemical action is entirely retarded. ** This may be due to interfe- 
rence," says Professor Hunt, "but I must confess I cannot understand 
upon what principle the action of rays undulating 585 millions of 
millions of times in a second, and producing light, can interfere 
with rays vibrating ^27 millions of millions of times in the same 
period, producing, as experiment proves, diemical change. To sup- 
port the view, that light regarded as an undulation, produces chem- 
ical change, since the chemical cause must reside in, must be, the 
particular ray, and nothing else, it is necessary to prove, that when 
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we obliterate a colored ray of light, all chemical aotion should 
ceajse over the Bpaoe which belongs to such especial rny ; and also 
that when the luminous colored ray is not obstructed, its chemical 
power should still exist undiminished.'^ 

The blue rays, which, with the still more refrangible violet ones, 
are known to exert the most energetic chemical effect, may be en- 
tirely obliterated without in the least destroying or retarding their 
characteristic action. In other cases the blue ray may be made to 
appear bright and intense, and still produce no chemical action 
whatever. 

It is true that many of the phenomena pertaining to the lumin- 
ous rays, may be accounted for upon the supposition that they are 
the vibrations of an attenuated or luminiferons ether ; but when we 
come to take cognisance of the rays which produce chemical action, 
we find that this theory — this regarding of light as really a non- 
entity — will not answer the purpose of explanation. It is more in 
consonance with true science, as developed at the present day by 
chemistry, to regard light as an absolute entity — an actual material 
body, which, like all of its material co-ordinates, is susceptible of 
those changes of condition which all material particles are subject 
to. In the action produced by the actinic rays, there is undoubtedly 
something — an actual force — absorbed ; ana which, forming a tme 
combination with the material particles associated with it, produce 
those wonderful changes which greet the eye of the acti no-chemist 
daily. With the majority of the chemists of the present day, we 
are therefore inclined to regard light as actual corpuscles, as Newton 
did, and to associate the phenomena it produces in matter as the 
result of its absorption and subsequent combination with the ulti- 
mate molecules of matter. ^ After many years of close experimental 
examination," writes Professor Hunt, "and an equally long and 
careful study of the hypotheses applied in explanation of the phe- 
nomena of light in the nrst place, and subsequently to the chemical 
phenomena associated with light, I cannot bring my mind to adopt 
the view, which refers the photographic phenomena to the agent 
producing the luminous and colorific phenomena of the solar rays." 

A beam of light may be regarded as a bundle of rays, consisting 
of the thermic or keai rays, the luminotia or colorific rays, and the 
actinic or chemical rays. Suppose that a beam of solar light is al- 
lowed to pass through a small orifice into a darkened room, and aa 
it issues through it, that it be passed through a prism. Upon a screen 
held at the proper distance from the prism, there will be what is 
termed the solar or prismatic spectrum. 

Figure 21 will illustrate what is termed the prismatic spectrum. 
It is an elongated image of colored light, and presents a familiar ex- 
ample of the analysis or separation of the different rays of the sun- 
beam as first effected by Newton. The least refrangible of the rays 
are the thermic or heat ones. They are generally found most in- 
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tense jast below the red rays. Then the red rays follow in the 
order of refrangibility. Then the orange^ which are a blending of 
the red and toe yellow above them. The yeUow rays follow the 
orange ones of Newton ; and above them the green^ or a blending of 
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the yellow and the hlue^ which are just above the green. The in- 
digo and violet of Newton are the most refrangible of the color rays. 
They are, doubtless, modifications of the blue rays, being perhaps 
effected by the invisible actinic rays still further refracted. These 
rays, however, by the aid of an acid solution of the sulphate of 
quinine, are said to be rendered visible. It is, however, doubtful 
whether these actinic rays are rendered visible, but rather that the 
light is a still further prolongation of the blue rays, changed in their 
appearance, as the violet are changed from the blue. It is contended 
by Sir David Brewster, that there are really but three colorific or 
luminous rays, viz^ the hltu^ yellow^ and red^ and that the otlier col- 
ors are but an overlapping and blending of these three colors. For 
instance, the orange is the blending of the red and the yellow, 
while the green is that of the yellow and the blue, &c. 

By the use of the proper media, these rays, and the thermic and 
actinic ones, can be separated from each other. If, for instance, we 
take glass, colored by the oxide of copper, and washed on one side 
with a solution of alum, we will have a free passage of the luminous 
rays, while nearly all of the heat-rays will be retarded. If, on the 
contrary, we use a plate of black mica, nearly all of the light-rays 
will be obstructed, while those pertaining to heat will have a free 
passage. 

The various rays act quite differently upon sensitive paper. If a 
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priece of this paper be placed beneath the prismatic spectrum, it 
will be observed that for some distance below the visible red ray, the 
paper will remain perfectly white^ while even the red ray itself 
0earc>ely colors the paper. The orange, or rather the yellow — in 
which reside the maximum of illuminating power — does not affect 
the paper, while the green affects it but faintly. It is in the blue 
ray that we notice the first decided effect upon the paper ; and this 
action continues to manifest itself still more strongly as we con- 
tinue towards the violet^ until beyond it the maximum effect is 
produced. 

From this we learn that the photographic effect does not depend 
upon the light, in its general acceptation of the term, but that it 
depends upon those more refrangible rays which are refracted be- 
yond the luminous ones, and whic£ are unperceivable. It is highly 
probable that the lavender gray rays of Herschel, and those discov- 
ered by Stokes, are merely the diffused light from the luminous 
ones ; for as the actinic rays do not appear to pertain at all to 
vision, but are solely directed to energies quite distinct from it, we 
should not suppose that they are gifted with the least luminous 
quality whatsoever. 

The different colorific rays are said by some writers to possess 
qualities of a specific nature. As, for instance, those rays particu- 
larly relating to light and heat, exert no effect whatever upon the 
sensitive paper. In fact, they appear to protect it from cnemical 
action. If we pass the sun's rays through yellow glass, stained by 
silver, we entirely retard or absorb the chemical agency, while the 
luminous rays pass through without the least retardation. I^ on 
the contrary, we use dark olue glass, colored with cobalt, it almost 
entirely obstructs the luminous rays, but does not in the least retard 
the actinic ones. 

It is not philosophical to speak, therefore, of the yellow and red 
rays (which possess the maximum, of which are the true luminous 
and heating rays) as being possessed of '' retarding rays," as one 
author has, but simply to regard their retarding effect as a nega- 
tion. We might as well speak of cold being a positive quality 
instead of a negative one, as to speak of '' retarding rays" in yellow 
and red light. 

By usinff the yellow glass we are taught that the photographic 
energy of light does not reside in the luminous rays. By making 
use of deep red glass, we are taught that this principle is not located 
in the heat rays ; while the blue glass, which is opaque to light and 
heat, possesses the quality of admitting nearly all of the actinic or 
ch^nieal rays. These acHnic rays — which word only sigpiifies " ray 
jMnoer" — are then separate and distinct ones, as equally so as are the 
luminous and heat rays. This fact was the source of great trouble to 
the earlier photographists, who travelled far south in the expecta- 
tion that, as they progressed in the regions of more intense lights 
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they would obtain photompbio effects in a ratio to tbe lumin- 
onsnem of tbe climate. But in tbis tbey were deceived, for as 
tbey approacbed tbe brilliant tropics, tbey were sorprised at not ob- 
taining pictures in bannony witn tbe brightness of tbe atmospbere. 
As it is not tbe luminausy but tbe colorless chemical rays, wbich 
produce tbe photographic effect they sought ; and as the sombre 
climate of England contains more of these rays, but less of the lu- 
minous ones than that of tbe tropics, these persons obtained the best 
pictures at home. 

Instead, therefore, of the solar light being a homogeneous fluid, 
or substance, poured out from the surface or atmosphere of the 
sun, we must now regard it as of a composite nature, composed of 
several distinct rays, each of which have their spedfic tasks allotted 
to them. This, perhaps, will be best comprehended in taking cog- 
nisance of light in its relations to vegetation. 

The Influence of Solar Light on the Growth of Plants. 

The experiments of Professor Hunt are quite conclusive to us, 
even if we had not thoroughly verified them by our own, that seeds 
do not germinate under tbe influence of either of the luminous rays, 
but that they require the stimulus of the actinic ones. In fact, our 
experiments have gone to establish the fact, that yellow and red 
liffnt retard, or actually prevent germination. Seeds which were 
placed under a deep blue light, that scarcely admitted the luminous 
rays, began to manifest germination in less than a day ; while seeds 
which were placed in the dark did not exhibit symptoms of germina- 
tion until the expiration of two days. This stimulating effect of the 
actinic rays extends for some distance into the soil — much deeper 
than tbe same influence, as it exists in the solar radiations. The in- 
fluence which either causes, or awakens, the germinating enerey In 
seeds, resides more powerfully in blue light than in the white light 
of the sun, for the luminous rays really appear to interfere with the 
germination of the seed, instead of accelerating it. 

The chemical changes which ensue beneath the influence of this 
wonderful actinic energy are comprehended by the chemist The 
seed, which is charged richly wiUi carbon, is so acted upon, that 
its starch is converted into gum and suear by the absorption, or 
conversion of one and four equivalents of water into its own sub- 
stance — starch (C|t Hm Oio),---gum (Cn H|, On), and sugar (On 
Hi4 O14). In this case beneath the actinic influence we have a 
chemical change analogous to the blackening of nitrate of silver 
associated with organic matter. In the case of the seed, a large 

S[uantity of oxygen is absorbed, while carbonic acid is eliminated, 
n the case of tbe silver salt, t^ere would not be a change were 
oi^anic matter not to be present ; but if it be there, then a com- 
bination with the carbon and oxygen takes place, while simultaae- 
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oiiBly the oiganic molecules apprppriate the oxygen of the oxide of 
silver to their own use. These changes depend solely upon the 
action of the actinic rays, and wholly independent of the action of 
the luminous rays. But after the cotyledons are fully developed, 
and the plumula has made its appearance above the soil, then new 
energies are called for in order to insure the vigorous and healthy 
growth of the plant This can be proved by continuing the influ- 
ence of the blue rays after the plant shall have pierced the surface 
of the earth. It is true that the plant will continue to grow with 
great rapidity, but the growth is unhealthy, for the stalk will con- 
tinue succulent and will contain no ligneous matter. The yellow 
and red rays appear to impart to the plant the power of appropria- 
ting the elements in the formation of woody fibre, while the actinic 
power influences the plant to absorb water. Plants, therefore, which 
grow in the shade are more watery and less firm than those grown 
in the sunshine. The actinic principle it appears acts principally in 
developing the plant until it is ready to put out into leaf. After 
that, the influence of the colorific rays is required, else the plant 
will progress no further than the formation of the plumule or first 
leaf-bud. No ligneous matter is formed, but the soft watery stem 
continues to grow to an enormous length. This great growth of 
the stem appears to proceed from the strong excitement or stimulus 
of the actinic rays, while it requires the aid of the luminous princi- 
ple to insure woody fibre. As the plant will not mature into leaf, 
there is no carbonic acid decomposed, and consequently no carbon 
fixed to supply the plant with so necessary a material in the com- 
position of woody matter as carbon. It, therefore, appears that the 
luminous principles are absolutely necessary to the process of lig- 
neous growth — that under the colorific rays they are possessed of 
the power to decompose carbonic acid, to appropriate the carbon to 
their own use, and to eliminate the oxygen into the air.' 

It would appear from the experiments of Dr. Daubeny, Dr. Gard- 
ner and Professor Hunt, that the actinic force is not the only one, 
but there resides within the yellow rays another force entirely difler- 
ent from that of the former. Whether the experiments of these 
philosophers are true, or whether those of Sennebier accord with 
facts, is not determined, for the latter philosopher asserts that his 
experiments prove conclusivelv, that plants decompose carbonic acid 
onl^ under the influence of the actinic force. We are inclined to 
believe that there is really but one force, and that that one is the 
actinic. The fact of plants decomposing carbonic acid under the 
luminous rays, only causes us to suspect that the light so obtained 
was not pure, but that there was a sufficiency of Uie stimulating 
rays to induce the decomposition of carbonic acid. 

The heat rays appear to impart to foliage those deep red and 
brown colors so characteristic of the autumnal leaf, while the lumin- 
ous force is said to give to leaves their bright green. While the 
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actinic rays are contained in large quantity in the bright sunbeams 
of summer, their absence in the yellow light of autumn may be the 
cause of the change of color in foliage, and which is but the com- 
mencement of the process of decomposition, initiatory to the fall of 
the leaf from its parent stem. There is but little doubt but that 
chlorophyle is produced under the stimulus of the actinic energy, 
and that when these rays are absent, or partially so, as is the case 
in the yellow light of autumn, then decomposition of the leaf be- 
gins, and hence its colors, varying from yellow and light red to deep 
brown. 

It is only during the growth of the plant that the actinic and 
luminous rays are required. When the period has arrived for the 
plant to flower, then the thermic rays are required. These rays 
probably act as a check upon the chemical rays. As long as these 
forces, or rather the latter, continue, the plant forms lignine, and 
accumulates in mass, but when this force is stayed, then the plant 
applies its energy to the maturation of its flowers. This can be 
illustrated, if plants, which are growing vigorously, be removed to 
a situation where the heat rays are most free to act. The plant 
begins to flower immediately. Here we have an instance of the 
requirements of the red rays alone. In the leafing of the plant, and 
in the formation of the chlorophyle, the yellow rays are required, 
while the seed, most of alt, needs the blue rays in order to insure its 
germination. The red rays, therefore, appear to possess a protective 
power against the energy of the blue ones. They exalt the oxida- 
tion of a silver salt, and prevent the darkening of sensitive paper, 
which quickly becomes black beneath the energy of the blue rays. 
In fact tnese rays not only protect chemical action, but they restore 
it again, after it has taken place — that is, they restore a compound 
which has undergone decomposition, or partially so, to its original 
condition. (Draper.) Flowers are possessed of just the reverse 
power of leaves. That is, while leaves decompose carbonic acjJ and 
give out oxygen, flowers give out carbonic acid, or they breathe like 
animals. When exposed to the solar rays, they consume large 
quantities of oxygen ; or instead of deoxidation we have reoxida- 
tion. This is precisely what takes place on the daguerreotype plate 
and photographic papers, under the influence of the red rays. 

The result of the investigations upon the action of solar light 
have led to the following conclusions, that : 

1. Light prevents the germination of seeds. 

2. Actinism quickens germination. 

8. Light acts to effect the decomposition of carbonic acid by the 
growing of plants, 

4. Actinism and light are essential to the formation of the color- 
ing matter of leaves. 

6. Light and actinism, independent of the calorific rays, prevent 
the developement of the reproductive organs of plants. 
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6. The heat radiationa, oorrespoDdiDg -with the extreme red rays of 
the spectrum, fiacilitate the flowering of plants, and the perfecting of 
their reprodnctive principles. (Hunt.) 

We nnd that in the spring the actinic rays are the most abundant; 
but as the seasons progress, and the summer months arrive, the lu- 
minous and heat rays, and especially the former, increase in a great 
degree. In the autumn the luminous or yellow rays rapidly de- 
crease, while the red rays and the heat rays accumulate. This we 
should anticipate^ after having obtained the result of the inquiries 
stated above. 

In imif the photographist, at a very early period of the art, be- 
came cognisant of the fact, that the actinic principle decreased quite 
rapidly as the seasons advanced. Plants, as has been observed by 
all, appear to manifest a percipiency in regard to light They crawl 
towards it — ^that is, towards the actinic energies, while they appear 
to manifest a repugnance for the red rays, and invariably grow 
from it (Hunt) 

While plants appear to have a love for the blue and yellow 
rays, they exhibit a dislike for the red ones. Mushrooms, and the 
plants of that variety, grow luxuriantly under the yellow rays of the 
moon, but they would soon perish under the retarding influence of 
the red rays. These rays, then, appear to exert wholly a retarding 
influence upon vegetation ; and therefore when the season has ar- 
rived when the vegetable kingdom shall cease to grow, but shall 
conunence the task of maturing their flowers, then the red rays 
most abound, and by their influence retard the further growth of 
the vegetable, and allow it to apply its energies to the maturation 
of its flowers and seeds. 

The contrasting chemical changes which transpire in the same 
plant through the day, illustrates the wondrous action of light 
The Cacalia Jicoides^ during the nighty assimilates oxygen, and in the 
morning is quite acid to the taste. The influence of the solar rays 
soon^act upon tlie plants and by noon it is entirely bereft of its acid 
taste by the loss of the oxygen it had absorbed during the night. 
The light continues to act upon the plant throughout the afternoon, 
when oxygen is eliminated, and by night the plant has assumed an 
intense bitterness. (Liebig.) 

Combinations produced by Light. 

Chlorine gas will not combine with hydrogen gas at ordinary 
temperatures in the dark. I^ however, a beam of Tight is allowed 
to fall upon the mixture, instantaneous combination takes place. 
This change transpires only through the action of the blue rays, and 
not at all through that of the red. 

Chlorine ^ will not combine with carbonic oxide gas, only 
through the mfluenoe of light 
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Olefiant gM and iodine combine only in the Bonahine. 

Many kinds of plate-glass, of a faint violet hne, become pniple 
nnder the influence of the solar light 

Hyacinths in the light soon diange liieir red hue to one fre- 
quently dark brown. 

GOMBHTATIONB ACCOMPAKISD BT DECOMPOSITIONS BT LlOHT. 

The red rays possess more of the power attribnted to decomposi- 
tion, but this energy resides solely in those rays termed the actinic. 
Phosphorus, under the influence of the blue or violet rays, is soon 
changed into the red oxide of that substance. In this case, doubt- 
less, some of the water is decomposed, the phosphorus appropriating 
the oxygen. 

If chlorine is mixed with water, there ensues no disturbance 
while the solution is in the shade, but if a beam of light be thrown 
into it, a decomposition of the water quickly ensues, the chlorine 
forming hydrochloric acid with its hydrogen, and liberating the 
oxygen. 
* If an aqueous solution of the chloride of platinum be mixed with 
lime-water, no change takes place while the mixture is kept in the 
dark, or is submitted to the red or yellow, or the thermic or illu- 
minating rays ; but if the solution is brought under the influence of 
the chemical rays, a precipitate is quickly formed. 

The brown solution of iodine in strong alcohol, whieh is saturated 
with sulphurous acid gas, only deposits crystalline su1|^ur when 
exposed to the actinic rays. 

Chlorine appears to be particularly sensitive to the actinic influ- 
ence. It wiU convert anhydrous hydrocyanic add into solid chloride 
of cyanogen and hydrochloric acid, only when exposed either to the 
blue or violet rays, or to white light 

If the oil of olefiant gas in water be placed under the influence of 
the chemical rays, or to the solar light, it is soon resolved into ace- 
tic ether and hydrochloric acid. 

Chlorine, under the influence of light, soon converts the oil of 
olefiant gas into chloride of carbon and hydrochloric acid. Chlorine 
also decomposes light carburetted hydrogen gas when moist, and 
forms hvdrochloric acid and carbonic acid ; but this only takes plaee 
in the bght 

Many salts dissolved in ether or alcohol, give out oxygen only 
under the influence of the blue rays, or in white light, by which 
they are either reduced to a lower oxide, or else to the metallic 
state. The vellow chloride of the peroxide of uranium, when dis- 
solved in etoer, is soon precipitated as the black chloride of the 
protoxide, by the blue rays. 

The chloride of the peroxide of iron, dissolved in ether, is, 
under the actinic rays, soon decomposed into the chloride of the 
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protoxide. The red rays exert no inlBaence whatever upon thiB 
per-salt 

The chloride of copper, dissolved in ether, is soon reduced to the 
dichloride by the action of light This change will not take place 
in the dark, nor under the red rays. 

The bichloride of mercury (corrosive sublimate^ is reduced to the 
protoxide (calomel) by the actinic influence. Aed light exerts no 
action upon this salt 

The red sulph-hydnx^anate of peroxide of iron, is soon converted 
into the colorless sulph-hydrocyanate of the protoxide by the white 
or blue light Even the light from an argand lamp causes this ao- 
tion. (Grotthuss.) 

The chloride of gold, dissolved in alcohol or ether, is reduced to 
the metallic state by the actinic rays. The same change takes place 
with the ethereal or alcoholic solution of platinum. 

K oxalic acid is added to the aqueous solution of the chloride of 
gold, chloride of platinum, and the ammoniarchloride of iridium, it 
precipitates the metals and generates carbonic acid. This requires 
the aid of light (Dobereiner.) 

The aqueous oxalate of peroxide of iron is resolved into carbonic 
acid, and the oxalate of the protoxide of iron, when exposed to the 
actinic rays. The red and yellow rays have no action upon this 
salt 

The red aqueous solution of the oxalate of the sesquioxide of 
manganese is soon bleached by blue or white lights and is resolved 
into the oxalate of the protoxide of manganese, and carbonic acid. 

The aqueous solution of the tartrate of the peroxide of iron and 
potash, containing copper, deposits metallic copper on the side of 
the bottle exposed to the light Many other organic substances ab- 
stract oxygen from metallic salts only throu^ the aid of light 
For instance, the oils and charcoal reduce the s^ts of silver and gold 
to the metallic form if exposed to light 

The combination of the oxygen of the air with many organic sub- 
stances, is favored by light Fabrics, dyed with lo^ood, safflower, 
turmeric, and Brazil-wood, soon begin to change color when exposed 
'to the solar beams. This ensues through the action of the light 
causing the oxysen of the air to combine with the carbon and hy- 
dro|;en of the coloring matter. 

The decoloration of various tinctures, as those of the Papaver 
rheatf Cichorium sylvettre^ <fec., is solely due to light Also the 
decoloration of various oils, such as the linseed, savin, and pepper- 
mint^ &&, is the effect of light 

The decoloration of the blue solution of iodide of starch in water 
is effected, with the developement of hydriodic acid, by white light 
The violet rays counteract the decolorising action of dayli^t 
(Grotthuss.) 
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Baits lose their crystalline water when exposed to light. Thit 
happens tardily if they are submitted to red or yellow light, bat 
only beneath the bine with rapidity. 

Nitric acid is soon decomposed, if exposed to the light, into m- 
trons acid and oxygen. The white and blue rays cause Ukis change, 
but not the others.* 

Many metallic oxides are reduced beneath the actinic influence. 
The oxides of silyer and gold are resolved into their metals and ox* 
ygen gas. The peroxide of lead is reduced to the red lead, with 
the loss of oxygen gas. The oxide of mercury is reduced to ihe 
metallic state with the loss of its oxygen, and into the red oxide. 
The red oxide of mercury, under water, is decomposed into the 
metal, gray oxide and oxygen, under the influence of the blue rays. 
The protochloride of mercury, dissolved in water, is resolved in the 
sunshine into dichloride, hydrochloric acid, and oxygen. (Boullay.) 

The terchloride of gold, dissolved in water, when exposed to 
white light, or the blue rays, deposits metallic gold, &c. 

BxDUOnON PRODUCED BT LlOBT. — ^ThX CbXMISTRT Ol* 

Photographt. 

The nitrate of silver, per m, is the most stable of the silver salts. 
It may be preserved unchanged, either in solution or crystalline, 
for almost any length of time, even if exposed to the light. But if 
the least organic matter comes in contact with it, then exposure to 
light, or to the actinic rays, quickly induces decomposition. It is 
the nature of the acid that preserves the nitrate of silver so per- 
manent, for it appears to be the property of nitric acid to act directly 
antagonist to light, or to oppose tne action of light. To illustrate 
the accelerating action of organic matter upon nitrate of silver, drop 
a little upon white paper, and expose to the light, when a blacken- 
ing of the silver quickly ensues. Nitrate of silver stains the skin 
upon the same principle. Therefore, while the add of the nitrate 
of silver protects the metal from the actinic action, on the contrary 
organic matter accelerates it The protecting influence of the nitric 
acid proceeds from the great facility with which it yields oxygen to 
other substances, while the action of the organic matter is to neu- 
tralise this effect. The accelerating effect of organic matter is gen- 

* The radical ethyle ifi obtainod only by tho action of light. It in obtained b^ 
the iodide of ethylc, wlilch is introdaced into an inverted glass globe, which i» 
}yrevioaaIy filled with mercury. This is then exposed to the rays of tho san, 
when the Iodine combines with the morenry, and the ethyle is separated in the 
fbrm of a gas. If water sliould be present, the hydride of ethyle is fonned. 
There Is no doabt bat that the other alcohol radicals could thna be isolated, sub^ 
stitatliig tiiek iodides for that of the ethyle. 

4 
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erally proportionate to the attraction vrhich it has for oxygen* The 
nitric acid is antagooiat to this action, from its tendency to yield up 
oxygen to the organic body, and thus to retard, or to prevent, the 
reduction of the silver. 

In every instance, in our future remarks upon the action of light| 
we would wish to be understood as referring wholly to the actinic 
rays, for it is those rays alone which produce the phenomena 
attributable to light by photographers. The actinic rays, or those 
most refrangible, and therefore most closely associated with the 
violet and blue rays, may be regarded as the reducing rays, and 
which produce the chemical effects desired by those who t^e pic- 
tures by light. By the general term of light, we therefore refer to 
these raya. 

Although the nitrate of silver is rendered sensitive to light by 
the association of organic matter with it, still it is not sufficiently 
aensitive to answer the purpose of the photographer. The iodide, 
chloride, and bromide of silver, are still more sensitive compounds^ 
bat before they can be rendered available for the purposes of pho- 
tography, they should be combined with or^nic matter, sucn aa 
possesses the quality of absorbing oxygen wi& facility. However, 
that the sensitiveness of the chloride, or iodide, or bromide shall be 
aided, a small quantity of the nitrate is generally mixed with 
them. 

The rationale of the action of light upon a silver salt — as for in- 
stance the chloride — is explained by the fact, that the actinic raya 
are possessed of the property of decomposing the salt, or of remov- 
ing from it a part, or the whole, of the chlorine. If, for illustration, 
tilie chloride of silver is suspended in water, and submitted to solar 
light for several days, it becomes dark, and the water will be found 
to contain a considerable quantity of acid. This acid is the hydro- 
chloric, caused by the chlorine in statu naseenti decomposing the 
water, and forming the above acid with its hydrogen. Although 
there is a strong affinity between chlorine and silver, still the pow- 
erful action of Tight disrupts the two elements, and thereby causes 
the formation of a strong acid. Now this blackened chloride of 
silver, which contains less chlorine than the white, possesses proper- 
ties different from the latter, for it is insoluble in the hyposulpnite 
of soda, while the white chloride is. It is quite probable that while 
the white chloride of silver is the protochlonde (Ag 01), the dark salt 
is the dichloride (Agi 01). Bat in the process of photography the 
nlver salt is generally reduced to the metallic state. This is accom- 
plished through the mysterious action of light, although reagents 
are now resorted to for the purpose of accelerating and continuing, 
what light has only really commenced. These reagents act solely 
through their tendency to absorb oxygen, for any body which pos- 
sesses the least avidity for oxygen if brought in contact with the 
oxides of the noble metals, as those of gold, pfadna, and silver, rednce 
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tiiem to the metaUio state hj absorbiDg the oxygen of these oxides. 
But it is only those portions of the salt which have been exposed to 
light that they reduce, while those portions upon which the snn's 
rays do not impinge, are left wholly unreduced. This opaque de- 
posit forms the image, while the portion upon which light nas not 
impinged is wholly unreduced. 

To illustrate the reduction of a salt of silver, take a little of the 
ammonia>nitrate of silver, and add to it in solution some solution of 
pyrogallic acid. This organic acid possessing a great affinity lor 
oxygen, abstracts it from the oxide of silver present, and the metal 
IB r^uced. This deposition proceeds from the &ct that although 
the oxide of silver is soluble in ammonia, the metal is not, and 
therefore the precipitation of silver. 

How then is it, that if the reduction of a metal depends upon the 
absorption of oxygen, that an organic body which has a strong 
affinity for oxygen reduces the haloid salts, which contain none of 
that element I This certainly would not be the case, were there 
not a simultaneous decomposition of water. This water consists of 
oxygen and hydrogen. The former is absorbed by the organic 
body, while the latter combines with the salt-radicu to form an 
acid. This reaction is proved to take place when Uie chloride of 
gold in solution is mixed with gallic acid. The gold is quickly 
precipitated, while the water contains free hydrochloric acid. 

The Developer^ — as the deoxidising substance which is used for 
the reduction of the silver salt is termed, — acts only in continuing 
what the light has already begun. It would require some time for 
the light to produce the full effect needed, as in that case the salt 
would be reduced by degrees. This is the case when the free 
nitrate of silver and organic matter is present, assodated with the 
iodide or chloride of silver. But it is ascertained, that if the light 
has impinged upon the sensitive surface only just so long as to start 
the peculiar action it induces in the salt, that the developer con- 
tinues that action. By this means a person is not necessitated to 
sit for a comparatively lengthy time for a picture, as the developer 
finishes what the h'ght had begun. 

The protosulphate of iron is used as a developer. It is an ener* 
getic one, being by the absorption of oxygen, conyerted into the 
sesquioxide (Fcf Ot). 

The gallic and pyrogallic acids are converted into more highly 
oxidised substances, but whrch have not been sufficiently examined 
to enable us to determine their nature. 

Although the image taken upon the paper or plate is itself per- 
manent, still it is necessary that the unchanged silver which sur- 
rounds it should be dissolved away, or the diffused light will gradu- 
ally blacken it likewise. This is done by the '^Ixing agents," 
which in the case of the chloride and iodide of silver, are ammonia, 
the alcaline chlorides, the alcaline iodides, the aloaline hyposul- 
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phites, and the akaline cyasides. The hyposulphite of soda and 
the cyanide of potaBsium are the two agents generally resorted to. 

Since the collodion, or pyrozyline pictures, hare undergone such 
marked improvements, they have attracted considerable attention. 
From the fact that by means of these collodion pictures upon glass, 
negatives can be taken, from which any number of positives can be 
obtained, they have become very desirable. As it is not our pur- 
pose to enter into a complete description of the various photographic 
processes, and the methods of preparing the chemicals for those 
purposes, we would simply mention that collodion is the material 
upon which the negatives and ambrotypes are taken. The latter 
pictures have lately been patented, but tney are not by any means 
a new thing, as Mr. Hawkins, of Cincinnati, and the author, took 
them eight years ago. 

The collodion, or pyroxyline, is gun-cotton dissolved in the sul- 
phuric ether of commerce, which roust, however, be purified, and 
about one^third of strong alcohol added. The author has ascertained 
that about one half of a saturated ethereal solution of gutta percha 
added to the collodion, greatly improves the tone of the picture, and 
adds to its sensibility. 

We will close this article upon Light by giving a few of the pho- 
tographic processes, as illustrative of the decomposing action of the 
actinic rays. 

Habdwiok's Positfvb GoLLODioir Process. — There are a variety 
of formuls for taking pictures on collodion, but the one of Mr. 
Hardwick is perhaps the best We have found it all tiiat is desira> 
ble. 

A. The Collodion, — ^Take of purified ether, sp. gr. .720, five 
drams ; alcohol, sp. gr. .825, three drams ; soluble cotton, one and 
a half grains ; pure iodide of potassium, one and a half grains. The 
exact quantity of soluble cotton which will be required cannot be 
stated with precision, since some samples produce a far more glu- 
tinous solution than othera. The rule to be followed is to keep the 
texture of the fibre as slight as possible, since with so small an 
amount of iodine a great improvement in the definition and sharp- 
ness of the image is produced in that way. If the quantity specified 
yields a solution like water, running down the neck of the bottle in 
the attempt to pour it on the plate, it may be increased. 

The quantity of the iodide of potassium must be regulated by the 
appearance of the film after dipping in the bath. It should be a 
pale blue, and very transparent. If the room is dimly illuminated 
the film will scarcely be seen distinctly, and must therefore, after 
w&shing, be brought out to the light for inspection. 

It is necessary that the ether and alcohol in this collodion should 
be unusually pure, or it will be impossible to work with such a film. 
The purity of the materials may be measured by the rapidity of 
coloration on iodising the collodion. If, when iodised with iodide 
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of potasmntn, it be^ns to change visiblj in two or three minutea, 
and attains to a yellow color in a quarter of an hour, the proba- 
bility is that the half tones of the resulting positive will be inferior. 
In that case a very fair result may still be obtained by adding more 
iodide, to enable the film to stand the retarding effects of the im- 
purity. Indeed, by proper management in this particular, the 
operator will seldom be liable to disappointment, even although the 
quantities laid down should be found to be too small. 

This collodion cannot be kept over a month. When it has turned 
a deep brown, then it has lost its virtue, and the iodine must be 
removed. This can be done by placing a piece of silver foil in the 
bottle, and allowing it to remain there as long as required. In this 
case iodide of silver is formed, which dissolves in the alcaline iodide. 

If pure ether and alcohol cannot be procured, the formulsa may 
be modified thus : rectified ether, six drachms ; spirits of wine, two 
drachms ; soluble cotton, two and a half grains ; iodide of potas- 
sium, two and a half grains. This film should be opalescent and 
tolerably transparent. 

B. The Nitrate Bath, — ^Take of nitrate of silver crystallised, but 
not fused, twenty-one grains ; distilled water, one ounce ; to every 
hundred grains of the nitrate of silver, one and a half ^ains of 
iodide of potassium should be added. The deposit of iodide of 
silver will dissolve upon stirring the solution. There should like- 
wise be added to this solution one c^rain of carbonate of soda to 
each hundred grains of the nitrate of silver, in order to neutralise 
the excess of nitric acid. Should this solution become acid after 
the immersion of some forty or fifty plates, the acid should be neu- 
tralised with alcalL 

If a small proportion of the acetate of silver is added to the bath, 
it will not be necessary to preserve the solution chemically neutraL 
The acetate of silver substitutes free acetic acid for nitric, and a 
minute quantity of acetic acid does no injury. 

C. The Developing Fluid, — Take protosulphate of iron, pure and 
crystallised, twelve to sixteen grains ; glacial acetic acid, eight to 
twelve minims ; distilled water, one ounce. 

. D. The Fixing Solution. — Take cyanide of potassium, one or 
two grains ; water, one ounce. The cyanide of potassium is supe- 
rior to the hyposulphite of sodium for fixing positives, as it is less 
liable to injure the purity of the white color. The cyanide solution 
should be used as dilute as possible. 

The Instantaneous Process of Mr. Fox Talbot. — 1. Take 
the most liquid portion of the white of an egg^ rejecting the rest ; 
mix it with an equal quantity of water ; spread it very evenly upon 
a plate of glass, and dry it at the fire. A strong heat may be used 
without injuring the plate. The film of dried albumen ought to be 
nniform and nearly invisible. - 

2, To an aqueous solution of nitrate of silver add a considerable 



54 UOHT IH PHOTOGRAPHT. 

anantity of alcohol, so that an ounce of the mixture may oontain 
tiree grains of the nitrate. 

3. Dip the plate into this solution, and let it dry spontaneouslj. 
Faint prismatic colors will then be seen upon the plate. 

4. Wash with distilled water to remove any superfluous portions 
of the nitrate. Then give the plate a second coating of albumen 
similar to the first, but in drying avoid heating it too much, which 
would cause a commencement of decomposition of the silver. 

5. To an aqueous solution of the protoiodide of iron add, firsts 
an equal volume of acetic acid, and then ten volumes of alcohol 
Allow the mixture to repose several days. 

0. Into the iodide thus prepared and modified, the plate is dipped 
for a few seconds. 

7. A solution is made of nitrate of silver containing about seventj; 
grains to the ounce of water. To three parts of this add two of 
acetic acid. Then, if the prepared plate is rapidly dipped once or 
twice into this solution, it acquires a great degree of sensibility, and 
ought then to be placed in the camera without delay. 

8. The plate is withdrawn from the camera, and in order to bring 
out the image, it is dipped into a solution of protosulphate of iron, 
containing one part of the saturated solution diluted with two or 
three parts of water. The image appears very rapidly. 

9. Having washed the plate with water, it is now placed in a 
solution of hyposulphite of soda, which in one minute causes the 
image to brighten up exceedingly, by removing a kind of veil which 
previously covered it. 

10. The plate is then washed with distilled water, and the process 
is terminated. 

The Chromattfs. — If to a solution of sulphate of copper, we 
add a solution of the neutral chromate of potash, a very copious 
brown precipitate falls, which is a true chromate of copper. If this 
precipitate, after being well washed, is added to water acidulated with 
aulphuric acid, it is dissolved and a dichromate solution is formed, 
which, when spread upon paper, is of a pure yellow. A very short 
exposure of the paper washed with this solution is quite sufficient 
to discharge all the yellow from the paper, and to give it perfect 
whiteness. We may bring out the picture by placing the paper in 
a solution of carbonate of soda or potash, — ^by which all the shadows 
are represented by the chromate of copper, — or by washing the 
paper with nitrate of silver. 

If the chromate of copper is dissolved in amrmonia, a beautiful 
green solution results, and if applied to paper acts similarly to that 
just described. (Hunt.) 

Hunt's Ferrotype. — Good letter-paper is washed over with 
the following solution, viz : Five grains of succinic acid (it is im- 
portant that succinic acid free from any oil of amber or adventi- 
tious matter should be obtained) are to be dissolved in one fluid- 
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ealt, and half a draebm of mucilage of gum-arabic^ When dry, the 
paper is drawn over the surface of a solution of sixty grains of nitrate 
of silver in one ounce of distilled water. 

Allowed to dry in the dark, the paper is now fit for use. It is of a 
pure white, retains its color, and may be preserved for a considerable 
time in a portfolio^ until wanted for use. When the paper is taken 
from the camera, nothing is visible upon it ; but by attending to 
the following directions the latent picture will quickly develope ilsell 
Having mixed together about one drachm of a saturated solution of 
protosulphate of iron and two or three drachms of mucilage of gum- 
arabic, pour a small quantity into a flat dish. Pass the prepared 
side of the paper taken from the camera rapidly over this, mixture, 
taking care to insure complete contact in every part If the paper 
has been sufficiently impressed, the picture will almost immediately 
appear, and the further action of the iron must be stopped by the 
i^pplication of a soft sponge and plenty of clean water. Should the 
image not appear immediately, or be imperfect in its details, the 
iron solution may be allowed to remain upon it a short time, but it 
must then be kept disturbed, by rapidly but lightly brushing it up, 
otherwise numerous black specks will form and destroy the photo- 
graph. Great care should be taken that the iron solution does not 
touch the back of the picture, which it will inevitably stain, and, 
the picture bring a negative one, be rendered useless as a copy. A 
slight degree of heat wul assist the developement of the image where 
the time of exposure has been too short The picture should be 
earefully washed to take off any superficial blackness, and may then 
be permanently fixed by being soaked in water to which a small 
quantity of ammonia, or better still, hyposulphite of soda has been 
added. The paper must again be well soaked in clean water, to 
clear it from the soluble salts, and may then be dried and pressed. 

Wood's CATALTsorrPB. — Take of syrup of iodide of iron, dis- 
tilled water, of each two drachms ; tincture of iodine, ten or twelve 
drops; mix. First, brush this over the paper, and after a few 
minutes, having dried it with blotting-paper, wash it over in the 
dark (before exposure to the camera) with the following solution by 
means of a camel's hair pencil. Take of nitrate of silver, one drachm ; 
pure water, one ounce ; mix. This makes a negative picture from 
which good positives on paper can be taken. 

To &c the picture, let it be washed first in water, then allowed to 
remain for a few minutes in a solution of iodide of potassium (five 
grains to the ounce of water), and washed in water again. When 
Uiis picture blackens in the dark, there is too much caustic used ; 
when it remains yellow, or when it is studded with yellow spot% 
too much iodine^ When marked with black spots, too much iron. 
It is necessary to mention these on account of the varying strength 
of the materials employed. 
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Hctkt'b SiMsinyB PAPBR.---Higfal7 glazed letter-paper is washed 
over with a solution of one drachm of nitrate of silver to the ounce 
of distilled water. It is quickly dried, and a second time washed 
with the same solution. It is then, when dry, placed for a minute 
in a solution of two drachms of iodide of potassmm to six ounces of 
water, placed on a smooth hoard, gently washed by allowing some 
water to flow over it, and dried in the dark. Paper thus prepared 
may be kept for any length of time, and is at any time rendered 
sensitive by simply washing it over with a solution of one drachm 
of the ferrocyanide of potassium to an ounce of water. These papers, 
washed with the ferrocyanide and dried in the dark, are absolutely 
insensible, but they may at any moment be rendered sensitive by 
merely washing them with a little clear cold water. Papers thus 
prepared are rendered quite insensible by being washed over with 
the above hydriodic solution. They are, however, best secured 
against the action of time by a solution of ammonia. 

Thb Fluobottpb. — ^This is so called from the use of the salts of 
fluoric acid. 



* 



Take Bromide of potaMima, 90 grsinik 

Distilled water, - - ..... i ouDcei. 

Fluoride of sodiam, 5 grains. 

Distilled water, 1 ounee. 

Mix a small quantity of these solutions together when the papers 
are to be prepared, and wash them over once with the mixture, and 
when dry, apply a solution of nitrate of silver, sixty grains to the 
ounce of water. These papers keep for some weeks without injury, 
and become impressed with good images in half a minute, in the 
camera. The photograph should then be soaked in water for a few 
minutes, aud then placed on a slab of porcelain, and a weak solution 
of the protosulphate of iron, to which is added a little acetic or sul- 
phuric acid, should be brushed over it. The picture soon acquires 
an intense color, which should then be stopped directly by plunging 
it into water slightly acidulated with muriatic acid, or the blackening 
will extend all over the paper. It may be fixed by being soaked in 
water, and then dipped into a solution of hyposulphite of soda, and 
again soaked in water. 

Bingham's Modifibd Proobss. — The protochloride of tin pos- 
sesses the property of reducing the salts both of silver and of gold. 
A paper is prepared with the bromide of silver, and previously to 
exposing it to light, it is washed over with a very wealc solution of 
the chloride of tin. The action of liffht upon the paper is exceed- 
ingly energetic It is almost instantly blackened, and a copy of a 
pnnt is obtained in a few seconds. 

Hunt's Photooraphio Paper. — Select the most perfect sheets 
of well-glazed satin post, quite free from specks of any kind. Placing 
the sheet carefully on some hard body, wash it over on one side by 
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means of a soft oamel's bair pencil, with a solntion of sixty grains 
of the bromide of poUssium, in two fluid-onnces of distilled water, 
and then dry qnickly by the fire. Being dry, it is again to be 
washed over with the same solution, and dried as before. Now a 
solution of nitrate of silver, one hundred and twenty grains to the 
ounce of water, is to be applied over the same surface and the paper 
^piickly dried in the dark. In this state the papers may be kept 
for use. When lliey are required, the above solution is to be plen- 
tifully applied, and the paper placed wet in the camera. Affer a 
few seconds the light must be shut off, and the camera removed to 
a dark room. There is nothing yet visible on it. Lay it aside in 
perfect darkness until quite dry, then fix it in the mercurial vapor 
box, and apply a gentle heat to the mercury. The picture will soon 
begin to develope. The vaporisation must now be suddenly stopped, 
and the photograph removed from the box. Place the paper away 
in the dark, and allow it to remain there for some hours, when the 
picture will come out in all of its details. The nitrate of silver 
must now be removed from the paper by washing in soft water. 
When the picture has been dried, wash it quickly over with a soft 
brush dipped in a warm solution of the hyposulphite of soda, and 
then well wash it for some time that the salt may be thoroughly 
washed out The picture is now fixed, and may be used to procure 
positive pictures, many of which may be taken from one original. 

Hunt's Papbr Daouerrbottpss. — To prepare this paper, soak 
that of very firm toxture, not too much glazed, in a weak solution 
of the muriate of ammonia. It must then be wiped with clean 
doths, and carefully dried. The paper is then dipped into a weak 
solution of the nitrate of silver, and the small bubbles which form 
on its surface are carefully removed with a camePs hair pencil. 
When the paper is nearly, but not ouite dry, it must be exp(»ed in 
a closed vessel to sulphuretted hydrogen gas, slowly formed from 
the sulphide of antimony and hydrochloric acid : in a few minutes 
it will become of an iron-brown color, having a fine metallic lustre. 
It is again to be passed through a solution of silver, somewhat 
stronger than the first, and dried, taking care that no shadow falls 
<m the paper whilst it is drying. It is then a second time submitted 
to sulphuration, and by careful management, the process is now 
generally completed. If, however, the paper is not considered to 
be sufiiciently dark, it must be once more washed in the solution of 
silver, and again subjected to the action of sulphuretted hydrogen. 
If the above paper be allowed to remain in the sulphuretted hydrogen 
gas after the maximum blackness is produced, it is again whitened 
with some quickness. This may be accounted for in two ways : the 
gas may be mixed with a portion of muriatic acid vapor, or a quan- 
tity of chlorine sufficient to produce this effect may be liberated 
from the preparation on the paper to react on the sulphide of 
silver* The perfection of these papers conststo in having a deep 
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Uaok ground to contnuit with the mercuriai depont, by whioli 
means the pictures have the advantage of being aeen equally well 
in all positions. The sulphuretted paper may be rendered sensitiTe 
in the same manner as the plates, by exposure to the vapor of iodine. 
The following |»x>cefls Professor Hunt prefers. A saturated solution 
of any salt of iodine is made to dissolve as much pure iodine as 
possible, and of this liquid two drachms are minded with four 
ounces of water* Care is required that only one side of the paper 
is wetted, which is by no means difficult to effect, the fluid is so 
greedily absorbed by it All that is necessary being a broad shai- 
K>w vessel to allow of the paper touching the fluid to its full width, 
and that it be drawn over it with a slow, steady movement. Wh«i 
thus wetted, it is to be quickly dried by a warm, but not too bright 
flre-— of couree daylight nmst be carefully excluded. Papers thus 
iodated do not lose their sensitiveness for many days, if carefully 
kept from light Although the picture by the above process is very 
perfect, still it is susceptible of vast improvement by the following 
process. Dip one of the pictures fonned on the sulphuretted paper, 
into a solution of corrosive sublimate. The drawing instantly dis- 
appears, but after a few minutes it again appears, and gradually 
becomes more distinct than it was before. Delicate lines before 
invisible, or barely seen, are now distinctly marked, and a rare and 
singular perfection of detail given to the drawing. If the drawing 
remains too long in the solution, the precipitate adheres to the dark 
parts, and destroys the effects. When these papers are prepared 
with due care they are extremely sensitive, and if used for copying 
engravings, during bright sunshine, the effect is instantaneous. In 
the weak light of the camera a few minutes during sunshine ia 
quite sufficient for the production of the best effects. One great 
advantage of these pictures over those procured on the plated cop- 
per is, that the mercury does not lie loosely as on the tablets, but 
18 firmly fixed, being absorbed by the paper — therefore these pictures 
oiay be kept without injury in a por^olio. If, instead of immersing 
the paper in a vessel full of sulphuretted hydrogen gas, a stream of 
the gas is made to play upon it, it assumes a most richly iridescent 
surfi&ce. The various colors* are of different decrees of sensibility, 
but for surface drawings they may be used ; and m copying of leaves 
and flowers, beautiful pictures, which appear to glow with the 
natural colors, are produced. 

Talbot^s Galottpe Papsb. — A sheet of the best writing-paper, 
of smooth surface and dose, even texture, is washed, by means of a 
•oft brush, with a solution of fifty gprains of crystallised nitrate of 
silver to one ounce of distilled water, and then dried — either by 
holding it at some distance from the fire, or by spontaneous evapo* 
ration in the dark. When dry, or nearly so, it is immersed for two 
or three minutes in a solution of iodide of potassium containing five 
hundred grains of that salt to a pint of water. It is then immersed 
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tn water for a quarter of an honr, figlitlj dried with blotting-paper, 
and then dried at the fire. All these operations are best performed 
by candlelight The paper thus prepared is called iodised paper ; 
it is not sensitive to light, and may be preserved for any lengtn of 
time without change. When required for use, it is to be washed 
with a liquid prepared by dissolving one hundred grains of crystal- 
lised nitrate of silver in two ounces of distilled water, adding to the 
sohition its own volume of strong acetic acid, and mixing the liquid 
thus formed with from one to twenty volumes of a saturated solution 
of crystallised gallic acid in cold distilled water. It is best to mix 
these liquids in small quantities at a time, as the mixture does not 
keep long without spoihng. This liquid (the gallo-nitrate of silver) 
is to be washed over the paper on the side previouslv iodised, and 
after the liquid has been allowed to remain on it for half a minute, 
it must be dried lightly with blottittg*paper. This operation requires 
the total exclusion of daylight The paper prepared in this manner 
is exquisitely sensitive, exposure of less than a second to diffused 
light being quite sufficient to produce a decided effect upon it The 
cidotype picture is a negative <me, but positives may be taken from 
it by juxti^>06ition. These pictures have, however, been superseded 
hy those on glass and collodion. The first collodion picture that 
we have any account of was taken at Cincinnati in 1847, by Mr. E. 
C. Hawkins, assisted by the writer of this article. If others were 
taken previous to that time, we have no knowledge of it. 

Thb Daoubrrxottpe. — ^These pictured are tiuran on a metallic 
plate of copper, upon which is a thin stratum of pure silver, the latter 
occupying about one-fortieth of the weight of the copper. These 
plat^ require to be cleaned and polished with the greatest nicety, 
otherwise the picture will prove dull and indistinct Most of the 
failures occur uirough the want of a proper r^rard to this stage of 
the process. After the cleaning and polishing is complete, the plate 
is placed in a box containing iodine. This iodine is sprinkled over 
the bottom of the box, and a thin paper is spread over it, so that 
the vapor of the iodine may be equally distributed over the plate. 
The plate is generally allowed to remain over the iodine until it 
assumes a ffolden yellow hue. It is then transferred to the bromine 
box. The bottom of this box contains a layer of brominated lime. 
Some persons use chlorine associated with the bromine, but whether 
there is an advantage gained by it is doubtful. The plate is kept 
over the bromine until it becomes of a steel-gray color, when it has 
reached its highest d^^e of sensitiveness and susceptibility of taking 
a sharp impression, and of producing the most pleasing tone. 

The plate is now tranderred to the camera, and after havin^p 
been submitted to the action of light a sufficient time, it is placed 
in the mercury bath. A heat of 140^ F. is applied to the mercury, 
and the picture soon commences to develope. When this is accom- 
plished the plate is placed in a solutioQ of hyposulphite of soda. 
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which soon removes the unalt^ed iodide, or bromo-iodide of silrer, 
and the picture is " fixed.'' Before, however, it is allowed to pass 
into the hands of its purchaser, it is g^ilded by pouring upon it a 
solution of chloride of gold, and gently heating the under surface of 
the plate with a spirit-lamp, until the metallic gold, reduced by the 
galvanic action of the plate, is precipitated in an exceedingly thiUf 
transparent film, over tne entire surface of the picture. Tins pre- 
serves the picture from the action of the air. 

We are of the opinion that Daguerreotype pictures are not dura- 
ble. We know that they soon fade if not covered with gold, and 
as this stratum of gold ia infinitesimally thin, it will in time oxidise 
off, and leave the picture exposed to the air. It is not to be sup- 
posed that so delicate a fabric as one of these pictures should be 
durable, upon so unstable a foundation as two plates of metal, be- 
tween which, — so closely juxtaposed and so antagonistic in their elec- 
trical relations — ^there is such great liability to galvanic action. We 
think the day is not far o£f when the Daguerreotype picture will be 
entirely supcneded by those beautiful and equally delicate positive 
pictures taken on collodion, or perhaps better still, on gutta percha. 

The subject of Light, when treated in detail, is a voluminous one, 
and would occupy much more space than is allowed in this volume, 
or which would be consistent with an elementary work upon chem* 
istry. We have attempted to present the most prominent £sctB 
connected with Light, wnile we have entirely passed over the details 
which, although possessed of the greatest interest and importance, 
would occupy entirely too much space for our little volume. Before 
closing the subject of Light we give the latest and best process for 
the taking of pictures on glass, both Foniives (Ambrotypea) and 
Negatives. We also give the new Collodio-albumen process. 

Posrrivss on Glass, or thb Ambrottps. 

Before enterinff into the manipulation for the production of posi- 
tives on glass, it is necessary that the amateur should possess a clear 
idea of tlie meaning of the terms ^ positive" and ^ negative.'' 

A positive collodion picture may be defined to be a photograph 
griving a natural representation of the object it is intended to repre- 
sent when viewed by reflected light 

A negative picture, on the contrary, when viewed by reflected 
light, grives but an imperfect representation of the object firom which 
it was taken, having the high lights of the picture obscure, and of a 
brown color, without any apparent definition of middle tints, or the 
light and shades merging into one another with abruptness ; but, if 
viewed by transmitted light, the lights and shades are reversed — 
representing all the pure whites of the object by perfect blackness, 
the blacks by perfect transparency, and the middle tints of various 
gradations of tone in the same inverse order, according as the parts 
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represented are more or leas af^>roaohiQg the white or aombre 
shades. 

The prodaction of positive pictures has of late been mnch fol- 
lowedf both by amateurs and professional photographers, from the 
ease imd rapidity of their prodnction, the delicacy of the detail, and 
the brilliaDcy of the resultiug picture, which rivals daguerreotypes 
in the representation of minutisa ; although, unlike the daguerreo- 

Spe, it may be viewed in any light. The apparatus necessary for 
e production of positive pictures is not essentially extensive, con* 
sisting of a camera, lens, camera stand, glass or gutta-percha bath 
and dipper, glass plates, and box to contam them, graduated meas- 
ure, funnel, filtering paper, scales and weights, wasning tray, level- 
ling stand, pocket level, stirring rod ; and, of chemicals, a supply of 
positive collodion, with a proportionate Quantity of iodising solu- 
tion, nitrate of* silver, acetic acid, protosuiphate of iron, nitrate of 
barytes, cyanide of potassium, crystal varnish, black varnish, and 
distilled water, together with a small quantity of nitric acid, ammo- 
nia, and tripoli. 

Before entering into the description of the manner of taking pho- 
tc^aphs, a few words on the manufacture of gun-cotton and collo- 
dion will be necessary. 

The preparation of gun-cotton and collodion are operations that 
few amateurs would venture on, as they require considerable care 
and attention to insure success ; still, circumstances may occur in 
which a knowledge of the mode of manipulation may be useful. 

To make Gun- Cotton, — Take four ounces of nitrate of potash, 

Eowdered and thoroughly dry, and place it in a porcelain capsule 
olding about one pint, then pour over it five, ounces, by measure, 
of the ordinary commercial sulphuric acid (sp. gr. 1'840), stir well 
together with a glass rod, and then immerse, in small portions at 
a time, two drams of fine cotton, previously dried ; continue the 
stirring with the glass rod, so that every portion of the cotton be- 
comes thoroughly impregnated with the acid mixture. Occasionally 
press down any portion of cotton which may rise above the liquid, 
and, when ten minutes have elapsed, remove the cotton by the aid 
of two glass rods into a large vessel of water ; stir briskly, and re- 
peatedly change the water, wringing the cotton as dry as possible 
between each change, until eveiy trace of acid is removed. Then, 
as a still further precaution to the perfect removal of the last traces 
of the acid, wash the cotton with two or three washings of boiling 
water ; then wring dry ; pull out the fibres, and dry it thoroughly 
by a very gentle heat, always bearing in mind that this substance is 
more or less explosive, and therefore must not be brought too near 
a candle or fire. When perfectly dry it may be preserved for any 
length of time, if kept in a closely-stoppered bottle. 

Should the gun-cotton have been correctly prepared, it will com- 
pletely dissolve in rectified ether, foiming a dear solution, which^ 
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when poured on a riws& plate, and the excess drained 0% dries per- 
fectly transparent, free from specks or milkinese of the film. 

PreparaUoH of Collodwn, — Put one onnoe and a half of rectified 
ether (sp. gr, '750) in a two-ounce stoppered bottle, add to it ten 
grains of gun-cotton, and agitate frequently to facilitate the solu- 
tion. If Uie gun-cotton is good, it will dissolve in a few minutes, 
and, in the generality of cases, produces a collodion of the necessary 
amount of thickness, but the proportion may be raried until the de- 
sired viscidity is obtained. 

Collodion of the proper thickness, when iodised and poured on a 

glass plate, and then drained off, should dry to an even transparent 
Im, free from ridges, and flowing easily over the plate, without an 
excessive tendency to run off. 

A sufficient quantity of this collodion may be made to last for 
months, and, by being; allowed to stand undisturbed, any particles of 
undissolved coiUm will sink to the bottom of the bottle, allowing 
the upper portion to be decanted off perfectly clear. 

The collodion thus made has to be iodised to render it fit for pho- 
tographic purposes. Various formula are published for the manu- 
facture of the iodising compound, but the writer has found none 
succeed so well, in the hands of the unprofessional, as a mixture of 
the following solution : 

Take Iodine ...... 4 gnins^ 

Alcohol - I ounce. 

Dissolve, and label the bottle containing this solution, ** Solution 
of Iodine.** 

Now, for the iodising mixture, take — 

Iodide of potaMiam • • - - -18 graina 
Soltttion of iodine ..... 4 drops. 
Alcohol 1 ounce. 

Add the iodide of potassium to the alcohol, and shake frequently 
until dissolved, then add the solution of iodine, filter through filter- 
ing-paper, and preserve in a closely-stoppered bottle, labelled, 
^* lodismg Mixture." This solution will keep good any length of 
time. 

In order to iodise collodion with this mixture, all that is needed 
is to add half an ounce of the iodising mixture to one and a half 
ounce of collodion, and, after shaking well together, allowing the 
bottle containing it to remain undisturbed for at least twelve hours, 
in order that any insoluble matter may settle to the bottom ; and, 
before being used, it is advisable to pour off the clear portion of the 
iodised collodion into a clean and perfectly dry bottle. 

As collodion, when iodised as aoove stated, does not keep good 
mors than three weeks, it is advisable not to iodise more than will 
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be used in a fortnight The best pictures are taken with collodion 
that has been iodised from two to ten days^ after which time it be- 
gins to lose its sensibility, and ultimately becomes useless, from the 
length of exposure necessary to obtain a picture. 

The production of poeitire jnctures may be divided into nine dis- 
tinct heads : 

1. Cleaning the plate. 6. Exposure in the camera. 

2. Coating the plate. 7. Developement of image. 

3. Exciting the plate. 8. Fixing. 

4. Arrangement of the sitter. 9. Finishing the positive picture. 

5. Focusing. 

1. Cleaning th» Plate.'-^The glass best adapted for receiving 
positive pictures is termed "" patent plate ;" this can be obtained 
ready cu^ and the edges ground to prevent injury to the fingers, of 
the usual sizes required by photographers. 

The 8i«e of picture produced is, to a ffreat extent, governed by 
the sise and focal length of the lenses employed. If a one inch and 
three-quarters portrait lens is to be used, plates four inches by three 
inches may be chosen ; if a two inches and three-eighths portrait 
lens, five inches hy four inches ; and if a three and a quarter inch 
portrait lens, six inches by five inches. 

The best substance for removing stains, grease, Ac^ from glass 
plates is a mixture, made as follows : 

C}[aDide of pousttum 2dr«]iM. 

Tripoli 2 drama. 

Wator 2 oanceflb 

Dissolve the cyanide of potassium in the water, then add the tri- 
poli, and shake well to^eUier. 

Having selected a suitably sized glass plate, pour a teaspoonful of 
this mixture over the centre of the plate, and, with a pledget of 
Hnen, well rub it over every part, back and front ; hold it under a 
tap to rinse, or dip it in a basin of cold water, so as to remove every 
particle of Ihe mixture; then, without waiting for the plate to dry, 
remove every trace of moisture with a linen cloth, and polish with 
another doth, holding the plate by the cloth, and not by the 
hand, so as to prevent the slightest grease being communicated 
to it. 

The cloths employed should be of a material sold as ^fine diaper,** 
and must be well freed from grease or soap, by careful washing in 
soda and water, then plentifully rinsed in water and dried ; also the 
one used as a politer should be kept quite dry. Occasional breath- 
ing on the plate during the polishing, and then holding it obliquely, 
so that the moisture deposited may be seen by reflected light, will 
serve to point out whether a plate is clean or not If the moisture 
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of the breath is deposited in patches, more deaoing is required ; 
bat if the deposit is evenly spread over the whole surface, it maj 
safely be considered as clean ; but too much care cannot be be- 
stowed on this part of the jprocess^ for the slightest impurity, al- 
though now apparently invisible, renders itself palpable in the after 
processes, to the complete destruction of the finer details of the 
finished picture. 

Glass plates, after being once used, require a more careful clean- 
ing than new plates, before being again employed, and as the film 
is easier detached whilst still moist, it is advisable not to allow 
them to dry, but to place all plates that are to be used again in a 
vessel of water before they become dry, and allow them to remain 
immersed until required for cleaning. 

2. Coating the Plate, — Before proceeding to coat the plate, it is 
necessary that the collodion should have been mixed with the 
iodising solution at least twelve hours, and allowed to remain 
undisturbed, so that any sediment which forms may have subsided ; 
and, in all cases, the dust and dried crust of the collodion, which 
may adhere to the neck of the bottle, must be carefully removed, 
otherwise spots and striffi will be produced on the plate. 

If particles of dust are floating in the air of the operating room, 
it will be useless to attempt to coat a plate, as these will deposit 
themselves on it and appear as fine filaments, which serve as a 
nucleus for a spreading stain in the after process. For this reason 
it is recommended to clean the plates in another room, so as not to 
disturb the atmosphere of the operating room by this operation. 

Now ascertain that the glass plate is scrupulously clean and free 
from finger-marks ; remove any adherent particles of dust by fric- 
tion, with chamois leather. Hold the plate horizontally by the 
corner with the finger and Uiumb of the left hand, remove the 
stopper from the iodised collodion bottle, and holding it in the right 
hand, pour the collodion on to the glass plate in sufficient quantity 
to form a circular pool extending nearly to the comers. Now in- 
cline the plate so that the fiuid may fiow to each corner (avoiding 
the thumb if possible), and drain off the superfluous collodion back 
into the bottle, by holding the plate in a vertical direction. Give 
the plate a rocking motion on the neck of the bottle, by raising and 
depressing one comer, so that the lines or furrows whicn are formed 
may run one into the other ; continue this until the covered surface 
of the plate appears set from the evaporation of the ether ; when 
this takes place, the plate is ready to be rendered sensitive. 

As the vapor of ether is highly volatile and inflammable, gpreat 
care must be used in not approaching a light near an open bottle 
of this fluid or of collodion, as serious accidents may occur from 
any negligence in this particular. 

Should the iodised collodion, from the evaporation of its volatile 



' nonadtnenty b«oome too thiek to flow eretlj over the plate, it may 
he rendered thin by the addition of ether. 

BA1S soLunoir. 

Nitrate of diver, In cryBtals, - 6 dnuns. 

Distilled water, - • - 12 onnces—diasolve and filter. 

In order to ascertain the fitness of this solution for phoU^^phic 
purposes, two other solutions and a book of test-paper will be re- 
quired. The solutions are : 

Ist. Hitricacid, .... half a dram. 

Distilled water, ... 2 onnoes-Hniz, and label 
"Dilnte nitric add." 

2d. Ammonia, .... half a dram. 

Distilled water, ... 2 ounoes — ^mlz, and label 
** Dilute ammonia." 

In order that the ^ Bath solution" may be in a condition to give 
good pictures, it must contain a slight trace of free o/oidj and it fre- 
quently happens that the nitrate of silver employed contains just 
tne required quantity ; but oocasi<Hia]ly it contains none, and some- 
times an excess, llierefore it becomes evident we cannot depend 
on always making our solution contain just the amount required 
and no more. We therefore take a leaf of test-paper, and apply a 
dr^ of the bath solution to its colored surface. K the violet color 
of the testtpaper remains unchanged after the solution has been 
applied one minute, the solution contains no free acid, and in chemi- 
cal language is said to be " neutral." 

Add one drop of dilute nitric add to each six ounces of bath solu- 
tion, shake well together, and apply another drop to the teat-paper. 
If the solution was exactly neutral in the first instance, the color of 
the paper will now be changed to a pale red, and the bath may be 
considered fit for use; but should the paper, when the solution is 
applied, not change to a pale red, add another drop of dilute nitric 
acid to each six ounces until the desired tint is produced. 

Should the test-paper, when first moistened, change to a t»ight 
red, the bath solution is too acid, to neutralise which, add dilute 
anunonia, drop by drop, shaking well between each addition, and 
testing with test-paper until the color of the paper is unchanged 
after the solution has been in contact with it one minute ; when 
auch is the case, add one drop of dilute nitric acid to each six ounoea 
of solution, shake well tosether, and it is fit for use. 

Should the test-paper become blue after being wetted, too much 
ammonia has been employed, and dilute nitric a<nd must be added, 
drop by drop, applying the solution to the test-paper between each 
addition, until toe cofor remains unchanged, and the solution is 
neutral ; then add one drop of dilute nitric acid to each six ounces 
of solution, and it is fit for use. 

This amount of free acid is ample for working with ahnost eveiy 

6 



86 ooixoniOK FoemrsB oir ^QiJkflB. 

hmd of odllodibtt^ bnt in- lonie oaaM, where eifMae Mt>i<n^<)f 
action is required, half this qnantity is sufficient The addition of 
free acid to the bath solution is added to prevent ^fo^ng" of pio- 
tores produced by it» which is caused by a reduction of the silver 
on those parts which constitute the deep shade, giving the picture 
the appearance of beins veiled by a dense fog ; but too much acid 
is equally prejudicial, giving rise to a necessi^ for prolonged ezpo- 
mre of uie plate in tlra GBitter% and often to an irrogular action of 
the developing fluid. 

It is necessary to test the bath with test-paper after the inunersion 
of each 80 or 40 plates, in order to aseertain if it contains the necee- 
sary amount of free acid, and should it be found either in excess or 
too little, it must be remedied as above described. This testing 
must, in no case, be done humedly, but a drop must be applied to 
the test-paper, and allowed to remain in contact one minute, then 
ahaken off, and the color of the wetted part noticed ; and I must 
oaintion the amateur not to look iot excessive changes of c<^or by 
the application of the test-paper, for if the slightest increase ci 
blneness in the wetted part is obtsaned, the solutioB fs alcaline, and 
if a change tatoardi rednea^ the solution k sufficiently add, as a 
bright red indicates an excess. 

fi frequently happens that after the badi solution has been in 
use for some weeks or months, and has always worked well, it will 
suddenly change, and produce ^ ioggf* pictures, although the tesfe* 
paper shows it to contain the proper amount of acid. This suddefi 
change has sorely puzzled many aole photographers ; but Mr. Home 
has clearly shown that it ariBes from the supertatureUkn of the solu- 
tion with iodide of silver,* aided by the evaporation of the solution 
which ensues in hot weather. To remedy this defect, add two 
ounces of distilled water to the bath soh^on, and filteri to removB 
the turbidness which ensues, then add one dram of nitrate of 
silver, and when it is thorougUy diss<^ved, ffiter again, to insuM 
the solution being perfectly clear. 

To Excite ths Piate.*-The plate, after being coated with iodised 
collodion, drained, and the ether allowed to evaporate^ is ready t(> 
be excit^ ; the time required for the ether to evaporate, and the 
Aim to ^set," depends on the fluidity of tlie collodion, and a^ on 
ihe temperature. Until the amateur can judge from the c^pear* 
«nce of the plate he should allow ten seconds to intervene b^ween 
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* Iodide of sSlver is fbrmed on the immersion of a plstOi eoversd with iodised 
•eoUodion, into the bath sotntion, giving rise to the yellow tiDt pfx»dneed on thd^ 
^te. This iodide of silver is partially soluble in the bath soluUon, which be« 
icomes, by long tme, fally saturated, and in this condition is useless. The 
addition of the distilled water caases the iodide of silver to precipitate^ and tbs 
Slitrate of ailver is added to bring the soUition to its proper BVrwmtu 

The bath solution after being in use some time becomes siiffhtly weaker { 
the original strength may be restored by a small portion of nttrafee of ~'* — " 
liBing added* 
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ibe nltuHato dmuuBg and ita imniiamioii in the batlu If Ike pkto 
u immenied too soon, trmispareiU onMdn will fonu in the film, on 
ii» lower edge, and if too muck time interveiMB, the film dries in 
partly and d^elopes unevenly. 

Coating the [uate is best effected with tke aid of a good ligh<^ 
Init aU a&et operations mast take fdaoe in a room from which everj 
particle of wkito light is ezolnded ; this is easily effected by coveiv 
mg up the windows of the operating zoom with three thicknesses ot 
^ yellow glased oalieo," as light, aft^ passing through this and other 
yellow mediums, although yielding sufficient illumination to. serve 
our purpose, does not m tiie sli^test degree have any ohemioal 
effioet on the sensitive suz&ce ol the plate, whereas tks slightest 

Seam of white li^ht would cause it to whiten all over on applying 
e developing solution. 

The bath, liaving been previously filled with bath solution, to 
within threeH|uarters of an inch of the top, and placed in the opera- 
ting room, the plate^ still held by one eomer, is now laid, collodion 
side uppermosti so tkat it is in contact witk the projecting slip on 
tke glass dipper, and the dipper and plate is lowered into the bath 
with one steady motion, as any pause will cause a corresponding 
mark or line to develope itself on the fMCture in its after treatment* 

The plate is now allowed to remain undisturbed in the bath for 
one minute, and is then to be partially drawn out of the fluid three 
or four times, and a^ain immersed, until the greasy i4>pearauce of 
the surfooe, caused by the remaining ether of the ooUodion, is re* 
moved, and the solution flows off in one uniform sheet , 

Two minutes' immersion in the bath is ample in warm weather, 
but from three to five minutes is required in winter. 

The plate, having completely lost all appearance of greasiness on 
its collodion suifoce, is then remored from llie dipper, by the fin^ 
and thumb applied to one comer, and allowed to drain, by being 
ctood up nearly vertical on filtering-paper^ in a dark comer of the 
operating room, where no white light can reach it, for ten seeonds^ 
to remove any excess of the bath solution ; the solution adhering to 
the back of the plate is then removed by wiping (taking csie not 
to touch the collodion side), and the plate is ready to be placed in 
the camera back. 

The camera back is furnished with two flaps, one sliding in a 
groove, and the other opening, as a door, on hinges. AU dust 
having been previously removed, the sliding fla^ is pushed down in 
its plaoe^ and the hinged flap opened; a plate4i(^der with ulver 
wire comers, having an aperture adapted to the size of the plate, is 
laid into the camera back, so that the silver wire is next the sliding 
flapb The excited collodion }^ate is taken up from its position, 
where it was stood to drain, by bein^ grasped bv the thumb and 
fore-finger of the right hand, one to either of the longest sides : tke 
camera back is held horixontal in tke left hand| and tke plate in- 
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Berted, bo that its four corners may rest on the wires, and that iti 
collodion side may be next the eliding flap; the hinged flap is now 
shnt down, and secured from coming open by the brass button being 
turned over it ; in this state, the biu^ containing the plate, maj be 
taken out of the operating room without the possibility of light 
coming in contact with it, and it is now ready for exposure in t)ie 
camera ; but, previous to doing this, we must digress a little, and 
say a few words on the arrangement of the sitter, and on focusing. 

ArranffenittU of the Sitter and Exposure in the Camera, — IRie 
sitter must be placed so that the figure is well illuminated, with one 
side of the face slightly in shade, and looking towards the north, if 
possible ; two or three feet behind, a *^ background" must be set up 
composed of a blanket stretched over a frame, or, if this cannot be 
procured, hung, so as to bo free from folds, over a large clothes- 
horse ; a dark background must be used where the sitter has very 
light or gray hair ; tne hands and knees of the sitter must be so ar- 
ranged as to be about the same distance as the face frt>m the camera, 
to prevent those parts being out of focus or distorted by the lens. 

The sitter should assume an easy natural position, free from con* 
straint or a fixed look, and should, if possible, divest himself of the 
idea that his portrait is about to be taken, assuming, in look and po- 
sition, an unstudied and natural appearance. 

In general the full face makes but indifferent portraits ; the most 
pleasing are with the head slightly turned on one side, termed 
three-quarter face, and the eye should be fixed steadily on some 
dark object. 

The camera has now to be fixed on the camera stand, by means 
of the fixing screw, and placed in front of, and about four to eight 
feet from, the sitter, bearing in mind that the nearer the camera is 
placed to the sitter, the larger will be the image produced, and vies 
versd, so that if a small image is required, the distance between the 
camera and the sitter must be increased until the required size is 
obtained. 

In order to be enabled to view the image of the sitter, which is 
formed on the ground glass when the cap of the lens is removed, a 
black linen or velvet cloth ^termed a focusing cloth) is thrown over 
the back of the camera ana head of the operator, so as to exclude 
all light except that which passes through the lens. By this means 
a brilliant inverted image of the sitter should be visible on the 
roughened surface of the focusing glass. If such is not the case, 
the sliding portion of the camera (if of the expanding form) is drawn 
out, until the image is nearly distinct ; the rack and pinion head of 
the lens is now turned so as to move the lens in or out of the came- 
ra until the greatest possible sharpness of the ima^ is obtained. 

When this is the case, the cap is placed on the Tens, the focusing 
screen removed from the camera, and the camera slide, containing 
the moist and sensitive collodion plate, is put into its place, taking es- 
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pedal care tbat the sliding shatter is towards the lens — a hint from 
(he operator is necessary to insure the sitter keeping perfectly steady. 
The sliding shatter is now gently drawn up to its full extent ; and 
when the vihration given to the camera by this action has ceased, 
ihe cap of the lens is remoyed, and the time of exposure noted by 
a seconds' watch. When the necessary amount of exposure has 
been ffiven, the cap of the lens is replaced ; the sliding shutter 
pushed down, and tne camera slide removed from the camera and 
carried again into a dark room, there to receive the necessary appli- 
cation of a solution, to cause the developement of the impressed but 
quite invisible image : before, however, going into the necessary 
details of the developement^ we must say a few words on the time of 
exposure necessary. 

The time of exposure neceseaiy to impress the latent image on 
the plate is dependent on so many varying influences, that it is im- 
possible to lay down any exact rule for the guidance of the amateur. 
The focal length and aperture of the lens — the intensity of the 
light — the state of the collodion — and the amount of free acid in 
the bath, all act either together or singly to produce the most variable 
times of exposure, from two or three seconds to one minute ; but^ 
supposing the light to be of the ordinary intensity of a bright au- 
tumn day without direct sunshine on the sitter, the collodion iodised 
about twelve hours previously, and the bath but faintly acid, the 
time of exposure^ witn a portrait lens of four inch focus, the lenses 
of which have a clear aperture of one and five-eighths inch, will be 
about ten seconds ; with a p<H^ait lens of six inch focus, and two 
inches and three-eighths aperture, the exposure must be about nine 
seconds, whilst with a portrait combination of ten inch focus and 
three and a quarter inch aperture, the time of exposure will be about 
twelve seoonds. If the sun is shining with the full vigor of summer, 
although the sitter is in the shade, the time may be reduced at 
least one-half; but the amateur is cautioned not to attempt the 
taking of instantaneous pictures, but to strive so to modify the light 
by screens, dsc, that the exposure necessary may be about what is 
quoted above, as he may then expect to see the resultant pictures 
with a good contrast of li^ts and shades, and the middle tints 
clearly defined, whereas pictures taken with a less time of exposure 
geneially possess the lights and shades well marked, but quite a de- 
ficiency of the middle tints ; and as it is to these we look for soft- 
ness and finish in the picture produced, we must cultivate their pro- 
dnction to the greatest extent in our power. 

TO nSVXIOFB TBI LATSIT DliLOX. 

Protosolphate of iron .... 2 diams. 

Nitrate of locuytes - - - - 1-)- dram. 

Qladal acetic add .... 2 drams. 

Alcohol ...... 8 drams. 

Bain, or distilled water - - - 10 ounces. 
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Dissolve the two drams of protosulphate of iron in ilve oniioei it 
water, to which add the two drams of acetic acid, and the three 
drams of alcohol ; dissolTe the o&e and a half dram of nitrate of 
barytes in five ounces of water ; the otyBtalB being completely dis- 
solved, mix the two solntions together, when a dense white precipi- 
tate is formed, which, floating in the mixed solution, gives rise to aa 
appearance of milkiness ; aljow the whole to remain undisturbed fbr 
two or three hours, during which time the precipitate will subside, 
and the upper clear fluid may be poured o^ and filtered through 
filtering-paper for use. 

This solution will keep good for a month, although it becomes a 
reddish color after being made a few days. 

The camera slide containing the plate having been removed into 
the dark room, the plate is withdrawn from tne slide, and placed, 
with the collodion side upwards, on a fixing stand, which must be 
previously made quite level, and then qnicldy covered with the de- 
veloping solution,^ which must be poured rapidly over the plate, so 
that the whole surfiice is completely covered. 

Gently blow on the plate, so as to keep up a disturbance of the 
developing fluid, until the prominent whites of the picture are juat 
visible, which, under ordinary circumstances with the above develops 
tng 8<iution, takes at least half a minute. The plate is now taken 
up by the finger and thumb of the left hand, and the devekping s<^ 
lutioD poured ofi^ and then on again, five or six times, or until the 
middle shades of the picture are visible, although it must be re- 
membered that the fiunter shades are, at this stage, partially obeourad 
by the iodide of silver. 

When these shades show themselves, pour off all the developinff 
fluid, replace the plate on tlie fixing stand, and pour gently over it 
at least naif a pint of water, as it is necessary to remove every trace 
of the developm^ fiuid. The plate is now ready Ibr the next pro- 
cess, termed ^fixmg the image." 

Fixing the Imttge. — ^This part of the process is for the purpose of 
removing from the plate the unaltered iodide of silver, wnich if 
allowed to remain, would be liable to alter by exposure to light, and 
much obscure the details of the picture. 
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ide of potassium - - - - 20 grains, 
ater (rain or filtered), ... 8 ounces. 



Cyani 

Watei 



Dissolve the cyanide of potassium in the water and keep doaely 
stoppered for use. 

The plate, having been thoroughly washed so as to remove every 
trace ot the developing fiuid, is jrfaced on the fixing stand, and a 

* »■■-!■■■ ■ ■ ■ , ■■ III! m 

* The quantity of solution neoessary to oover a plate five inohea by ftw 
mohea la three drama. 
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■officienQj of the jSzing aolutHMi poured on to cover it ; this in 
allowed to remain on until the yellow qpalescent color of the film 
disappears, which takes placa in from one to two minotes^ and in 
order to facilitate the operation, the plate may be gently blown on 
so as to keep the solution agitated. 

When the yellow color ^aappears^ the plate may be tilted and 
a stream of water gently poured on, so as to remoTe every trace 
of the fixing solution, wmch if allowed to remain would cause the 
picture, sooner or later, to disappear ; when the operator is satisfied 
that none of this solution remains, the plate may be drained and 
then dried, either over a spirit-lamp or before a fire, and is then 
ready to receiye the last operation of *^ Tarnishing" and ^ backing 
up," termed — 

Finkkmg the Positive Picture, — ^The plate haying been thoroughly 
dried and made moderately warm over a spirit-lamp or near a fire, is 
taken between the finger and thumb of the left hand and crystal 
varnish poured over the collodion side, and this drained off exactly 
in the same manner as described for the application of the iodised 
collodion, so that a thin uniform stratum may remain ; after being 
drained, the plate has again to be warmed, so as to &cilitate the 
drying <^ the vamieh and to prevent its becoming milky instead of 
transparent When this coating is thoroughly dry the plate has 
again to be warmed, and a coating of black jbt poured over its 
uncovered surfiice {not on the collodion eide), and this drained <^ 
and stood up on its edge to dry, which will take from two to twen* 
ty-four hours. When the black varnish is thoroughly dry, the pio* 
tuxe is ready to be mounted, either in a morocco case or morocco 
frame, in which case, the collodion side bein^ upwards, requires to 
be protected by an outer covering of glass, which is prevented from 
resting on the picture by the interposition of a ^It mat with an ap- 
propriate opening to suit the picture; or the picture may be 
mounted in a passe partout, when no extra glass is required, as itt 
this case, the ^ass of the passe partout serves instead. The picture 
is inserted by making an opening at the back. 

The only objection to this plan of finishing is, that the sides of 
the portmit aie reversed — that is, a blemish on the right cheek ap- 
pears as thouffh it were on the left If this is considered objection* 
able, the bla(£ varnish may be applied on the eoUodion eidcj after 
the application of the crystal varnish, but not until the plate has 
become quite cold ; as, if aj^lied when the plate is warm, tne black 
Tarnish is very liable to permeate the crystal varnish and give a 
loown tone to the whites of the picture. 

The appearance of the picture when finished serves to indicate 
whether tne bath is in good condition, and whether the proper time 
of exposure was given in the camera. 

If the features present a dull, heavy appearance, without any, or 
but few of the middle tints or dark shades of the drapery showing 
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themselves, the cause is either a too acid bath,, or from the use of 
collodion that has been too long iodised, or too short an exposure 
in the camera. If the dark shades of the pictures show them- 
selves with too much effect, being nearly as visible and prominent 
as the high lights, and the whole has an appearance as though seen 
through an opaque film, termed *' fogging, it arises from one of the 
following causes : 

The absence of acid in the bath ; 

Over-exposure in the camera ; 

An admission of white light to the plate afier being excited ; or, 

A too long application of the developing fluid. 

As over-exposure in the camera is most likely to give rise to this 
defect termed '* fogging," it is recommended to prepare another 
plate, and give it only one half the exposure. Should this jurove 
ineffective, and the defect still exist as prominent as before, it must 
be remedied by guarding against the other causes which may gire 
rise to it. The time necessary to expose a plate in the camera, to 
produce the maximum effect of brilliancy in the jMcture, is one re- 
quiring some degree of tact and knowledge, so as to suit the time 
to the ever-changing intensity of light ; but the process here detailed 
admits of considerable deviation from the correct time of exposure^ 
so that the amateur need have no fear about his ultimate succesa, 
after, perhaps, a few failures ; as, if over-exposed^ the picture devel- 
opes rapidly ; whilst, if under-exposed^ the action of the developi 
fluid being slow, and but little liable to over-develope on the hi, 
lights, admits a continued application until the middle tints are 
visible. 

Collodion Process for NsoAnyBs. 

Negative (7oZ/o(£ton.— *This preparation is made in the following 
manner : Half an ounce of dried nitrate of potass, in fine powder, is 
to be mixed with three-fourths of an ounce of ordinary strong sul- 
phuric acid, of specific gravity about 1*860, in a porcelain capsule, 
with a glass rod, and half a dram of clean dry cotton is then added 
as quickly as possible, and stirred about in the mixture for about 
five minutes ; when removed, it is to be carefully and thoroughly 
washed with water, and dried by exposure to a warm atmosphere. 
Ten grains of the gun-cotton thus obtained are dissolved in half an 
ounce of sulphuric ether, to which is added one dram of alcohoL 
Five grains of iodide of potassium or of iodide of ammonium are 
now dissolved in the smallest quantity of alcohol, and added to the 
collodion, together with about three ounces of sulphuric ether, so as 
to enable it freely to flow over a glass plate. 

A few grains of iodide of silver dissolved in the iodide of potafr- 
sium increase its sensibility, in which case the preparation must not 
be used until it has become clear, by allowing the superfluous 
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iodide to settle^ or a mnltitade of black' speckB will be formed on 
theplate. 

Tnere are bIx operations in obtaining a negative collodion pictare, 
viz. : Cleaning, coating, and exciting the plate, rece|>tion and do- 
velopement of image, and, finally, &dng and preserving the same 
firom injury. 

Cleaning the Plate. — ^This is done with the same care, and by 
the same means, as described at page 63 for collodion positives. 

Coating the Plate. — The method fully described at page 64 for 
positive collodion most be followed, of course using me negative 
collodion for the purpose, of which the method of making ia de- 
scribed above. 

Exciting the Plate^ and Expoeure m the Camera. — ^For this pur- 
pose is required a dipping-trough, which is to be filled with a solu- 
tion of nitrate of silver, or bath composed as follows : 

Nitrate of silver in orystals - - - • 6 drams. 

Iodide of potassium 8 grains. 

Distilled water 12 ouacea 

Alcohol 2 drama. 

Dissolve the six drams of nitrate of silver in one ounce and a half 
of the distilled water, and the three grains of iodide of potassium in 
one dram of distilled water ; mix the two solutions, and shake well 
together until the precipitate, which is first thrown down, is redis- 
solved ; when this takes place, add the remaining ten ounces and a 
half of distilled water and the two drams of alcohol. On the addi- 
tion of the water a turbidness ensues, which must be removed by 
the solution being very carefully filtered through filtering-paper; 
and the filtered liquid should be clear and transparent, free from 
any deposit or floating particles. 

In order to ascertain if the solution, thus prepared, possesses the 
necessary amount of free acid without superabundance, moisten 
a fragment of testrpaper with a drop of the solution, and ob- 
serve the effect of this application on the color of the paper.* If 
the color remains unchanged, the solution is neutral ; if it turns 
blue, it is alcaline, and in either case would produce hazy pictures 
(termed ^ fogging*^). To remedy this defect, add acetic acid, diluted 
with ten times its bulk of water, drop by drop, until the solution, 
when i4>p]ied to the litmus-paper, changes its violet color to a red- 
dish tint. Should an excess of acetic acid be added, or should the 
solution, when first tried, change the color of the test-paper to a 
decided red tint, the bath is too acid (which would render the col- 
lodion very slow in action). This defect is removed by adding am- 
monia, diluted with ten times its bulk of water, drop by drop, until 
the solution changes the test-paper to a reddish violet tint, which 

* See mode of obeerving the oolor of test-paper at psge 65. 
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indicates jtut that amoimt of ezican of free aeid.that aerves to insure 
success in the production of negative pictures, and it is advisable 
frequently to test the nitrate of silver bath in order to remove either 
an alcaline or a too decided acid effect. 

The ghiss plate having been coated with iodised oollodion^ is laid 
on the dipper, and immersed steadily and without hesitation in the 
dipping-trough, lor if a pause should be made at any part, a line is 
sure to be formed, which will print in a subsequent part of the 
process. 

•" The plate being immersed, must be kept there a sufficient time 
for the liquid to act freely upon the sur&ce, particular] v if a nega* 
tive picture is to be obtained. As a general rule, it will take from 
two to four minutes, varying with temperature and make of the col- 
lodion. In very cold weather, or indeed any thing below 50° Fah* 
renheit, the bath should be plaoed in a warm situation, or a proper 
decomposition is not obtained under a very long time. Above 60^ 
the plate will be almost certain to have obtained its maximum of 
sensibility by two minutes' immersion ; but as the plate cannot in- 
jure by remaining a longer time in the bath, it is better, in all cases 
when a negative picture is required, to give time for the whole of 
the iodide m the collodion to be thoroughly acted on by the nitrate 
of the bath. 

To fodlitate the action, let the temperature be what it may, the 
plate must be lifted out of the liquid two or three times, whtch also 
assists in getting rid of the ether from its surface, i<x without this is 
thoroughly done, a uniform coating cannot be obtained ; but on no 
account would it be removed until the plate has been immerMd 
about half a minute, or marks are i^ to be produced. 

Having obtained the desired coating, the pkte is then extremely 
sensitive to white li^ht, and therefore we presume the operator has 
taken every precaution to exclude ordinary daylight. 

The best way of doing this is to bane over uie window two or 
three thicknesses of yellow calico^ by which means the light which 
passes through will be amply sufficient for manipulation, and at the 
same time produce no injury to the sensitive plate. 

If the foregoing plan cannot be followed, the room must bo closed 
against any portion <^ daylight, and a candle alone employed, piaetd 
ai a distance from the operator, to grive the requisite bght 

The plate thus rendered sensitive, must then be lif^ from the 
solution, and held over the trough, Uiat as muoh liquid as possible 
may drain off previously to being placed in the camera-frame, and 
the more effectually this is done the better, or the action in the 
camera will not be equal over the whole • surface ; at the same 
time, it must not be tuiowed to dry* but, in short, to obtain its 

* If the plate is allowed to become dry before expoeinf? it in the camera, It 
lOMs ita Beii8lU?ene8B to the aotion of Ught It is therefore imperative that the 



WU/mum FBOOIBB VQB XB6ATIT1B. f8 

fall nuodmiim ol lemR^ty, it thonU be damp wkbout aaperflnoiiB 
moisture. 

The qoestioa is often asked^-^How toon, after coatiDg the plate 
with couodio-iodide, ahoold it be immersed in the nitrate batht 
Now this is a difficult question to answer^ We have said the time 
of immernon is dependent upon temperature and make of collodion, 
so likewise must we be goremed as to time before immersion* To 
make coUodio-iodide, or zylo-iodide — for, chemioallj speaking, 
there is no differeace in the two— it is necessary that the ether 
ahonld contain a certain quantity of alcohol, or the different articka 
are not eolable ; therefore, if we take a fresh bottle, and coat the 
plate from this while it contains its fiill dose of ether, and with the 
thermometer ranging between 60^ and 70^, the evaporation of this 
article will be very rapid, and, consequently, a tough film soon 
formed ; but i^ on the ether hand, we are using an article which 
has been in use some time, and many plates, perhi^ coated, the 
proportion of alcohol will be much greater, and, not being of so 
volatile a nature, will necessarily take a longer time to acquire the 
requisite firmness for immersion. Hence it is evident we must be 
guided by circumstances. If^ for instance, after coating a plate, we 
nnd, on immersion, it does not color fireely, we have then reason to 
suppose the plate has not been immersed sufficiently quick ; but i^ 
on tibe other hand, we find the film very tender, and, upon drying, 
it cracks, then we have reason to know that {^ates prepared firom 
that bottle must not be immersed quite so soon. The larger the 
proportion of alc<Aol, die more tender the film, but the more B&ati- 
tive will be the plate, and the quicker and more even will be the 
action of the bath. 

The next question ako often asked is— *How long must be the 
exposure in the camera ? — ^a question more dUBcult to answer than 
the last, without knowing somethii^ of the workmg of the lens and 
intensity of light Praotioe alone can determine, combined with 
close observation of those parts which should be the shadows of a 
picture. If, for instance, in developing, we find those parts less ex- 
posed to the light than others develope immediately the solution is 
applied, then we have every reason to suppose tne exposure has 
been too long; but if, on. the contrarv, they develope very slowly, 
we hav« proof that ^e time allowed nas not been sufficient to pro- 
duce the necessary amount of action. In a good picture we should 
see first the whit^ of a dress appear, then the forebead, after which 
we shall find, if the light has been pretty equally diffused, the whole 
of the face, and then the dress. 

exposure takes place within a few minntee after removing the plate from the 
hath. This rendere eoUodion of very little value for taking views, as in aueh 
aitnationa we oanbot alwa^ coinmand the nse of a dark room. For these pur- 
poses we must employ either the Colotype, waxed-paper process, or the new 
coUodio-albumen process. 
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Much will, of conne, depend upon the arrangement of hght^ for if 
the sitter is not placed in a good aspect, by which is meant a 
good diffused light^ the prominent parts only will come out; or, 
to produce the necessary amount of action to obtain the otheia, 
the high lights are so orerdone that the picture prints raw and 
cold. 

Can I produce portraits at niy drawing-room window f This la 
another common question, and tne reply must necessarily be, Ye8| 
if you have sufficient light, and can so place your camera that the 
sitter may be pretty equally illuminated, and not one-half receiving 
nearly all the light ; if it does, one side may be amply done and 
the other scarcenr Tisible. 

In cases of this description the necessary effect may often be pro- 
duced by placing a white screen so as to reflect a portion of li^t ' 
upon the darkened side ; but, upon the whole, a light of this char- 
acter is better adapted for producing positive than negative pictures 
upon glaas. 

We must now suppose the plate to have received its necessary 
impress in the camera, and proceed to— 

The Develapemeni of the Imoffe. — ^To effect this it must be taken 
into the room where prepared, and, with care, removed from the 
fiHde to the levelling stand. It will be well also to caution the oper- 
ator respecting the removal of the plate* Glass, as before observed^ 
is a bad conductor of heat ; therefore if in taking it out, we allow it 
to rest on the fingers at any one spot too long, that portion will be 
warmed through to the &ce, and on applying the developing sola* 
tion the action will be more enerffetic at those parts than the oth- 
ers, and consequently destroy me evenness of the picture. We 
should, therefore, handle the plate with care, more as if it already 
possessed too much heat to be comfortable to the fingers, and get it 
on the levelling stand as soon as possible. 

Having then got it there, we must next cover the face with the 
developing solution. 

This should be made as follows : 

P^proffallio aoid - - - - - 6 grains. 

Distilled water 6 ounces. 

Olacial aoetie aeid • . • • i dram. 

Alcohol .-••.. half a dram. 

Mix and thoroughly filter. 

Now, in developing a plate, the quantity of liquid taken must be 
in proportion to its size. A plate measuring five inches bv four will 
require half an ounce ; less may be used, but it is at the risk of 
stains ; therefore, we would recommend, that half an ounce of the 
above be measured out into a perfectly ekan glaea measure^ and to 
this add from eight to twelve drops of a solution of nitrate of silver, 
containing 60 grains to the ounce of water. 
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Poor tliifl quickly over the Btur&ee, taldng cm not to hold the 
measure too high, and not to pour aU tU one spot, but, having taken 
the measure properly in the fingers, begin at one end, and carry the 
hand forward ; immediately blow gently upon the face of the plate, 
which has the effect^ not only of diffusing it over the sur&ce, but caus- 
ing the solution to combine more equally with the damp sniface of the 
plate ; it also has the effect of keeping in motion any deposit that 
may form, which, if aUowed to settle, causes the picture to come 
out mottled. A piece of white paper may now be held under the 
plate, to obserre itke developement of the picture : if the light of the 
room is adapted for viewing it in this manner, well ; if not, a light 
must be held below ; but in either case arrangements should be 
made to view the plate easily whilst under this operation, a success- 
ful result depending so much upon obtaining sufficient developement 
without canying it too far. 

In some instances it is better not to mix the nitrate of silver so- 
lution with the pyrogallic solution until after the latter has been 
poured over the plate, but in no case must it be mixed on the plate; 
the solution must be poured off into the measure and the nitrate 
added. In this way we can jud^e better of the intensity of the 
picture, for when the solution is oi^ the plate can be held up to the 
hght and the image viewed through. Care should be taken that 
the nitrate of silver solution is free from deposit. • 

The author has also found a weak developing solution, as given 
above, far more successful in obtaining gradation of tone than when 
stronger, for, in the latter case, the action will be very energetic on 
those paits reflecting the most light, and, consequently, become 
overdone before other portions, such as dress, Ac, have become suf- 
ficiently visible. The addition of an extra portion of nitrate of sil- 
ver will be found to improve the tone, but this may be effected 
also without adding it to the pyrogallic solution ; and, in many in- 
stances, it will be found a better plan to re-dip the plate in the bath, 
alter exposure in camera, particularly if any considerable time has 
e]i^)sed between the excitement of the plate and development of 
the picture, for the plate having dried unequaHy, does not allow the 
same uniform development as when well moistened over the surface. 

As soon as the necessary developement has been obtained, the 
liquid must be poured o^ and the surface washed with a little wa- 
ter, which is easily done, by holding the plate over a dish and pour- 
ing water on it, taking care, both in this and a subsequent part of 
the process, to hold the plate horizontally, and not vertically, so as 
to prevent the coating being torn by the force and weight of the 
water. 

This being done we arrive at the — 

Fixing of the Image — Which is simply the removal of yellow 
iodide of a^ver from the sur&ce of the plate, and is effected by 
pouring over it, after the water, a solution of hyposulphite of soda, 
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made of tbe ■treagth of four oanoBB ta ft pint of water. At thk 
point daylig^ may be admitted ivto the room, and indeed we ca»> 
not judffe well of its removal without it We then see the iodide 
gradnauj dissolve away, mmI the different parts left more or laia 
transparent acoordinff to the action of light upon them. 

It then only remains to thoroughly wwh away every trace of hy- 
posulphite, for should any of this salt be left, it gradually destroys 
the picture^ The plate should, therefore, either be immersed with 
great care, in a vessel of clean water, or, what is better, water poised 
gently and carefully over the surfkce. 

Aner this it must be stood up to dry or held before a fire. 

It may be as well to state, that any clean filtered or rain water 
will answer for washing, distilled bemg only required for the sohh 
tions of nitrate of silver, Ac* 

Having by the foregoing means, obtained and fixed a nega- 
tive photog^phic image on glass, which is capable of producing 
positives upon paper by the printing process described at psge 85 ; 
It is well, previous to obtaining these, to render the tender film of 
collodion less liable to injury. 

This is best accomplished by— 

Varnishing the FkUe, — There are two kinds of varnishes which 
may be used for this purpose — the spirit and the chloroform. Some 
amount of care is necessary in the use of the spirit varnish, for if it 
is poured on the plate cold the gums chill and the picture is ren- 
dered opaque ; therefore, the best plan of proceeding is as follows : 

Hold the back of the plate to a fire until warm through, care be- 
iuff taken not to make it too hot, or the varnish will not run prop- 
erty ; then pour the varnish on in the same manner as the collodion, 
and return the superfluous portion to the bottle. Hold the plate 
again to the fire to drive oflf Uie spirit, when a beautiful surface will 
be obtained, maldng it diffiodt, at fint sights to judge which «de 
has been varnished. 

There is also another kind of varnish whidb has been reeoad" 
mended by Dr. Dymond, viz., gum amber, dissolved in chlorofonn. 
Iliis is used by many photomphen, as it can be put on cold, and 
dries directly upon evaporation of the chloroform, which is its only 
advmntage over the spirit varnish, and is necessarily much more 
expensive. 

Collodio-Albuhkn Pbocbbs. 

This is a process, invented by Dr. Tanpenot, for obtaining nega- 
tives oa ^ass, which bids fair to outriviJ all others^ being easy of 
manipulation, and giving results of the most exquisite minutie and 
beauty. Glass plates, when prepared and excited by this process, 
may be kept at least a fortnight before being developed, and these 
j^ates iHien exposed in the frame may be developed immediately, 
or kept for days before commencing this qierstion. Indeed it is 



qtiile poflrible to prepaie and excite • Dmnbef of pistes beftwe les^ 
ing home to go on a tour of twelve or ftmrteen days ; to expose the 
l^tea at any lame or plaoe during the jomrney, and bring them 
home to be developed. 

The manipulation may be said to conaist of nine distinct opera* 
lions: 

1. Cleaning the plate. 

2. Coating with iodised collodion* 
8. Exciting the collodion film, 

4. Coating with albnmen. 

5. Exciting the albumen coating. 

6. Exposure in the camera. 
?. Developing the image. 

8. Fixing the image. 

9. Vamuhing the plate. 

Before describing these operations, I propose to give dear direc- 
tions for pr^rinff the necessary solutions, merely premising that^ 
where I have deviated ftom the inventor's plan, it has been after 
perfon^ carefol ezperimanto to tert the merito of the two modts 
of proceeding. 



The necessary solutions for this process 

Collodion bath solution. Albumen bath solution. 

Iodised collodion. Pyrogallic solution. 

Iodised albumen. Silver developing solution. 

Fixing solution. 

COLLODION BATH SOLUnOS. 

Nitrate of silver io erystals -<..•! ouaee. 

Iodide of potaaainm % greinfc 

Difltilled water - - - - - - 16 ouneeo* 

Alcohol - *• -8 drams. 

Dissolve the ounce of nitrate of silver in two ounces of the dis- 
tilled water, and the two grains of iodide of potassium in one dram 
of distilled water ; mix the two solutions, and shake well together 
until the precipitate, which is first thrown down^ is redissolved. 
"When this takes place, add the remaining fourteen ounces of dis- 
tilled water, and the two drams of alcohol On the addition of the 
water, a turbidness ensues, which must be removed by the solution 
being very carefully filtered through filtering-paper ; and the filtered 
liquid should be clear and transparent, free from any deposit or 
floating particles, and must possess a slighUy acid reaction to test- 
paper. 

In order to ascertain if the solution thus prefyared possesses the 
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necesBary ainoant of free acid without sapenbundaace, proceed to 
teat and to correct it, if necefisarj. 

/edited Collodion. — The collodion necessary to be used in this 
process must be one yielding good negative pictures. This is sup* 
plied either ready iodised, or the collodion and iodising in separate 
bottles. As this collodion becomes less sensitive altar ^ing iodised 
a fortnight, it is advisable to iodise no more than will be used in 
that time ; therefore, obtain the collodion and the iodising solution 
separate, as the mode of iodising this collodion is very simple. 
Half an ounce of the iodising solution is mixed with one ounce and 
a half of collodion, and the mixture allowed to settle twelve hours 
before being used ; and it is even advisable to pour off the dear 
solution into a perfectly clean bottle, in order to get rid of any in- 
soluble matter which may &11 to the bottom. 

XOSISBD ALBiTiaar. 

White of egg (free from yolk) • - - 10 ounees. 

HoQey - 1 ounce. 

Iodide of calcium • - • • - 40 grains. 

Yeaet 1 tablespoonfuL 

Mix these together in a tall glass jar, or wide*mouthed bottle of 
at least one pint capacity ; tie a piece of paper, pierced with small 
holes, over the top to keep out oust ; then place the whole near a 
fire or other warm situation, where the temperature is not lower 
than seventy degrees, or higher than ninety degrees. In a few 
hours fermentation commences, which is evident hj the formation 
of bubbles of gas rising through the liquid. This action continues 
for five or six days ; when it ceases, pour the whole on a paper-filter 
contldned in a funnel, underneath wnich must be placed a bottle to 
receive the liquid as it passes through. The fluid being of a viscid 
nature, filters slowly, generally occupying twelve hours. 

The filtered liquid is the ** iodised lubumen,*^ which is said by 
Dr. Taupenot to Jceep good for years. It must be carefully pre- 
served from dust, or contact with any substance, as the success of 
the picture depends materially on the condition of this albumen. 

▲LBUXSN BATH SOLUXIOX. 

Nitrate of silver 1} ouncA. 

Acetic add (glacial) ..... i ounce. 

Distilled water 16 ounces. 

Animal charcoal - 2 drams. 

Dissolve the nitrate of silver in the distilled water, then add the 

acetic acid and animal charcoal, and keep in a closely-stoppered 

bottle for use. 

PTBOGALUo soLimoir. 

Pyro^allic acid 10 grains. 

Glacial acetic acid 2 drams. 

Alcohol 2 drams. 

PistiUed water - • ... • .7 ounces. 
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DiMolre the pyrogallic acid in the diBtilled water, and then add 
the acetic add and sioohol. 

OLTXE DKVXLOFINO SOLUTIOir. 

Nitrate of silver 1 dram. 

Aeetio Mid 2 dramt. 

Dittilled vater 7 ouDeet. 

Dissolve the nitrate of silver in the distilled water, and then add 
the acetic acid. 



Hyposulphite of soda 2 ounces. 

Water 1 pint 

Dissolve. 

Cleamng the Plate. — ^The directions already given as to cleaning 
plates, refer with equal force to this process, and, therefore, need 
not be repeated ; merely premising that extra care must be observed 
to remove every impurity, as cleanliness in photography is an abso- 
lute necessity. 

In order to hold large plates whilst being cleaned, the "• screw 
plate-holder^ is exceedingly usefhl. This is made in three siiea, 
and adapts itself to all size plates. 

The small size is useful for plates up to aeyen inches by six 
inches. 

The second size is for plates up to ten inches by eight inches. 

And the third size for plates up to fourteen inches by ten inches. 

Coating toith Iodised Collodion, — ^The plate having been tho- 
roughly cleaned, and received its final polish by the use of pre- 
pared chamois leather, it is coated with necfative collodion, which 
has been iodised at least twelve hours, and allowed to settle. 

Exciting the Collodion Film* — ^After the ether has evaporated, 
and the sariace of the collodion appears set, the plate must be laid, 
collodion side upwards, on a glass dipper, and plunged, with one 
doumward movement into a bath filled to within an inch of the top 
with collodion bath solution, made as before described, which must 
be carefully filtered through filtering-paper before being used. 
Afler the plate has been allowed to remain in the bath one minute, 
it is lifted out three or four times in order to &cilitate the removal 
of the oily appearance which the plate now presents. When the 
surface appears wetted uniformly, on being drawn out of the solu- 
tion the plate is removed from the dipper, and the excess of soliltion 
drained off, and is then placed, collodion side upwards, on a fixing 
stand, and distilled or filtered rain-water poured over the surface, so 
as to remove as much as possible of the hath solution from the sur- 

* This aod BnlMeqnent opermtions (except ezpofinre in the oemera) most be 
perfonned in a darlc room, as directed for *' Collodion positlvee on gla«e.*' 

6 
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&U9e» The plate ift now removed from the fixing stand, the back 
well washed with water, and then placed nearly upright on blotting- 
paper, with the face against the wall for one minute, to drain. 

Coating with Albumen. — Having allowed the plate to drain one 
minute, place it again on a levelling stand, with the film upwards, 
and pour over it as much of the iodised albumen (previously filtered, 
if necessary) as the plate will hold, from a glass measure containing 
not more than enough of the albumen to coat two plates ; pour off 
the excess into the measure and again cover the plate with albumen 
three separate times ; ultimately, drain off as much as possible of 
the excess of albumen, and place the plate nearly upright against 
the wall, with the coated side inwards, to dry, which tafes place^ in 
an ordinary temperature, in about one hour. 

In coating with albumen, the presence of air-bubbles or dust 
must be guarded against The former can easily be done by taking 
care, in pouring the albumen into the measure and on the plate, 
not to pour so as to generate air-bubbles in the liquid. But should 
any be detected, hold the plate horizontally and give it another 
coating of albumen, then incline the plate so that the bulk of the 
liquid shall paess over and carry off the bubbles with the running 
atream. Dust on the plate must be prevented by operating in a 
room as free from this photographic enemy as possible. 
' In order to render the coating of albumen as uniform as possible, 
the plate must stand to dry on two or three layers of filtering* 
paper, and the upper surface must touch the wall at one point only^ 
and not be allowed to rest against it along its entire upper edge. 

When the albumen coating is thorougUy dry (and not till then), 
the plate is ready to be excited, but if more have been prepared 
than are likely to be used for taking pictures on during the next 
ten days or fortnight, they may be stowed away in a plate box, 
ready to receive the sensitive coating at any time. The author's 
experience has led him to believe that these albumenised plates will 
keep good any length of time, as plates which had been coated a 
month, Mrhen excited, exposed, and developed, appeared to poeseas 
all the properties of recently prepared plates. 
. Exciting the Album/en Coating, — Prior to the plates being ex- 
cited they must be thoroughly dry and free from any particles of 
loose dust on the snr&ce, back, or edge. Sufficient of the albumen 
bath solution must be filtered through filtering-paper to fill a dip- 
ping bath of the required size, so that the plate can be immersed 
m it. 

The careful filtering of the fluid is very necessary in order to free 
it from any floating particles, and to separate the animal charcoal. 

The plate is now taken and laid, albumen side upwards, on the- 
dipper, and then lowered into the bath with one steady doumward 
movem^nty where it is allowed to remain one minute ; it is then 
taken out, the excess of liquid drained ofl^ and placed on the fixing: 
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Stand, yMk tlie albumen sui&ce uppermost, and a stream of water 
poured over it for at least one minute^ so as to remove everj parti* 
cle of the bath solution. This complete washing" is very necessary^ 
in order to prevent stains in the after developem^t, which invarii^ 
bly takes place around the edges, if not thoroughly washed* The 
plate, having been thoroughly washed, is leaned against a wall to 
dry, or if required for immediate exposure, may be dried on a plate 
of heated metal or a foot-warmer, ^t in no ooie tnusi the expatuin 
m the ettmera take place tmtil the wrface w tkor&u^kly dty. 

Exposure in the Camera* — As has been before stated, this opetar 
laon may take place immediately the plate is thoroughly dry after 
being excited, or a fortnight may intervene between the exciting 
and exposure, provided the plate is kept very carefully excluded 
from light and any chemical or sulphurous vapors, in a plate box 
adapted for that purpose, with the sensitive surface towards the back 
of the box. When the exposure is about to take place, or at any 
time previously, the camera backs may each have a plate placed in 
them ready for exposure ; to do this, tne camera back must be taken 
into the operating room and the door closed, so as to exclude all 
white light. The hinged flap of the camera back is opened, and 
the prepared plate laid, with its sensitive surface dovmwards^ or next 
the sliding flap, so that its corners may rest on the silver wire cor- 
ners of the plate frame previously placed within the camera back 
ready to receive it. The hinged flap is now closed and kept ftom 
opening by turniug the flap button over it ; the sliding flap is exam- 
ined to see that it is pushed closely down so as to guard any access 
of light, and it is then ready to be placed in the camera, and may 
be taken into the open air with impunity. Should the exposure 
not ttike place immediately, or, should the camera back have to be 
carried any distance, it is advisable either to wrap it up in a black 
cloth, or secure the flaps from the chance of coming open, during 
transit, by a stout string being tied around the baok. 

The focusing is conducted in the same way as already given, 
and the cap replaced on the lens ; the focusing glass is now re* 
moved and the camera back fitted into the same aperture, mth the 
sliding fiap next the fens, — ^The sliding flap is pulled up to its fullest 
extent, pladng the hand on the camera back to prevent it rising 
out of the camera with this action. The cap of the lens is then 
removed, so that the light may be admitted into the camera, and to 
fall on the sensitive suiface of the plate. After the necessary time 
of exposure has taken place, the cap is replaced on the lens, the 
sliding flap is pushed down, and the camera back withdrawn from 



* Bemarks as to the Beleotion of the view, Ao,, are not given, at tbia can 
beat be eiEocted by the individual tOAte of the operator, but oare must be taken 
that direot rays fVom the f^un shall not fall on the lens or enter the oamera 
during the expoaore of a plate. 
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the camera ; tlie plate can then be taken into the operating room 
to be developed, or this operation may be deferred for days or even 
a week or more if convenient The time of ezpoanre in the camera 
varies according to the intensity of the light and the aperture and 
focal leneth of the lens ; therefore, to give the exact time of expo- 
sure would be impossible ; still it may assist the amateur if I give 
the time required in summer with full sunshine, and merely state 
that this time may be increased to double in winter or dull weather. 
In the ordinary sunshine of a summer^s day the time of exposure 
will ' 



30 seconds with a lens of 4-inch focus and i-inch stop. 
21 seconds with a lens of 4-inch focus and f -inch stop. 

5 seconds with a lens of 4-inch focus and l|-inch aperture, with 
BO stop. 

ll minute with a lens of 6-inch focus and ^-inch stop. 

4^ seconds with a lens of 6-inch focus and 2|^-incn aperture, 
with no stop. 

2 minutes with a lens of 8-inch focus and 4-inch stop. 

li minute with a lens of 8-inch focus and V-inch stop. 

3^ minutes with a lens of 10-inch focus and 1-inch stop. 

2 minutes with a lens of 10-inch focus and 4-inch stop. 

5 seconds with a lens of 10-inch focus, S^mch aperture, with 
no stop. 

6^ minutes with a lens of 14-inch focus and ^inch stop. 

4 minutes witb a lens of 14-inch focus and f^nch stop. 

24- minutes with a lens of 14-inch focus and |-inch stop. 

8- - minutes with a lens of 16-inch focus and }-inch stop. 

5^ ' minutes with a lens of 16-inch focus and 4-inch stop. 

2\ - minutes with a lens of 16-inch focus and ^inch stop. 

Developing the Ifnage, — The camera back is taken into the opera- 
ting room, from which all white light is carefully excluded, the plate 
removed from the camera back, and laid, albumen side upwards, on 
the fixing stand ; as much distilled water is now poured on it as 
the surface will hold, taking care that every part of the eeneitive 
eufface is covered vnth the liquid ; allow the water to remain on 
the surface for one minute, then pour off and drain slightly ; replace 
the plate on the stand, and pour over the surface, so as Uioroughly 
to cover every part, the pyrogallic solution (made as described, and 
carefully filtered just before being used) ; allow this to remain on 
the plate for one minute, then drain off into a perfectly clean mea- 
sure, and add to it an equal bulk of silver developing solution ; 
mix the^ thoroughly together with a dass rod, and then pour the 
mixed liquids over the plate ; allow them to rest until the picture 
begins to appear, which generally takes about from three to five 
minutes; then pour off and on repeatedly, until the developing 
fluid becomes opaque, which then contains floating particles, and 
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tiheoe, if allowed to do bo, would settle on the plate, to the injury of 
the picture ; but this may be prevented by orusbinff the sur&oe 
with a oamel-hair brush frequently during the developement. 
When this opacity of the developing fluid takes place, drain all 
the fluid off the plate, and thoroughly wash with water ; then mix 
another quantity of pyrogallic and silver developing solution in 
the same proportions as before, and pour this on and off the 
plate as before, until the picture appeal's sufficiently intense, and 
the middle shades well brought out ; when this takes place, drain 
oS, and wash with water, so as to clean the surface thoroughly, and 
the plate is then ready for the next step, ** fixing the image." 

Should the picture begin to develope in less than three minutes 
after the application of the mixed developing fluids, thoroughly 
drain the plate, and wash well with water, then continue the devet 
opement with a solution of three parts pyroeallic solution, and one 
part silver developing solution ; but should the picture not begin to 
appear in five minutes, the addition of half a dram of the albumen 
bath solution to each ounce of mixed developing solution will be 
necessary in order to obtain the middle shades, and the required in- 
tensity. 

It may be stated, as a guide, that the best negatives which the 
author has produced occupied from ten to twelve minutes in devel' 
oping. 

Fiadng the Image* — The plate having been thoroughly freed 
from the developing fluid by careful washing, is now placed on the 
fixing-stand, and the surface covered by the fixing solution being 
poured over it. In a few seconds the yellow opalescent color of 
the film will begin to disappear, and its complete removal may be 
hastened by blowing gently on the plate, so as to disturb the fluid. 

When every particle of yellowness has disappeared, the fixing 
solution is drained off, and the surface thoroughly washed, and it is 
then leaned against the wall to drain and dry. 

Varnishing the Plate, — The plate being thoroughly dry, is ready 
to receive a coating of transparent vaniish, in order to protect the 
albumen surface from injury during the printing process. To do 
this effectually, the plate must be held before a fire, or over a lamp, 
until it is slightly warm all over ; then pour over its surface some 
mastic varnish, in the same manner as collodion is applied ; allow 
the superfluous varnish to drain back iuto the bottle ; hold the plate 
again Wore the fire until the whole of the spirit is evaporated ; 
and, when cold, the plate is ready to be printed from, so as to pro- 
duce any number of positive pictures on paper, by the process de- 
scribed. 

Frintiko Process. 

The paper for printing positives from glass or paper negatives is 
usually thicker than that employed for tsudng negatives on by the 
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«filotype, or' wsxed-^paper process, and is designated ^'poatire*' 
paper. Various kiods are used. 

The kind of paper having been determined on, the sheets are ex- 
amined one by one, in order to reject those having black spots or 
minute holes, and a pencil mark is made in each comer of the sheet 
on its 9moothi9i side, in order that this side may be easily recog- 
nised in the after processes. 

In some kinds of paper the smoothest side is easily reco^ised ; 
in others, having a ^ water-mark," it may be known by holding the 
sheet up to the Tight, so that the makers nanie may be read (the 
letters not reversed), when the side nearest the operator is the 
smoothest There are other kinds in which the two surfaces are 
rendered apparently alike by the pressure used in its manufacture, 
and in which no ^ water-mark^ exists. To recognise the re<pired 
side in this case is more difBcnlt, but still it is eanly effected if one 
of the comers of each sheet is soaked in water for two minutes, and 
then dried. As the smoothness given by the pressure is, by this 
plan, removed, the smoothest side is instantly determined. 

The paper has now to be '* salted," which consists in applying to 
it a solution of muriate of ammonia, which can be done by either^ 
brushing or immersion. But it must be carefully noticed that the 
solution for immersion is not strong enough for being bmshed on. 

Salting Paper by Immersion. — In order to salt paper by immer- 
sion, take a porcelain pan and fill it to a depth of half an inch with 
the following solution : 

Mariate of ammonia 20 grains. 

"Water 10 ouicea. 

Dissolve. 

Into this solution carefully immerse one dozen sheets of paper, 
sheet by sheet, taking care to avoid air-bubbles ; after soaking five 
minutes, turn over the whole mass so as to commence at the sheet 
first immersed, and hang them one by one up to dry, on a line 
stretched across a room. The most convenient accessories for this 
purpose are " photographic pins." The short limb of one of these 
pins is passed through one comer of each sheet, and the lon^ limb 
18 hooked over the line. After the sheet has drained a few minutes, 
a piece of filtering-paper, about one inch square, is applied to the 
lowest comer, to which it will adhere, and much facilitate the re- 
moval of the superfluous moisture. 

Paper thus prepared will keep good any length of time. 

Salting Paper by Brushing, — Salting paper by brushing is pre- 
pared by the use of the following : 

Muriate of ammonia 20 grains. 

Water •> • 4oanoeSi 

Dissolve. 
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- Pin tlie sheet of paper, with the marked side uppermost, upon a 
** preparing board,'* and brash the above solution carefully over the 
whole surface with a camel*hair brush, applying the solution by 
longitudinal and then transverse strokes of the brush, so as to cover 
•very part, aud when the paper appears thoroughly wetted, and will 
imbibe no more, drain off any superfluous moisture, and hang up to 
dry, as above described. Paper thus prepared also keeps any length 
of time. 

We will now suppose the operator has prepared a quantity of 
salted paper by one or other of the above metnods, and wishes to 
obtain a positive print from either a glass or paper negative. 

Exdiing the Salted Paper, — ^A sheet of the salted paper is first 
to be '* excited,*' which may be done by the following solution : 

Nitrate of diver 1 dram. 

Distilled water -..-.. l ounce. 

Dissolve. 

To apply this solution, pin a piece of the salted paper upon a 
dean board, and with a soft camel-hair brush coat the surface 
thoroughly with the above nitrate of silver solution. Care must be 
taken that the surface be thoroughly wetted all over alike, and this 
can only be done by applying the solution until the paper can im* 
bibe no more, or the picture will be certain to present streaks. A 
little practice will enable any one to apply the solution thoroughly 
to the paper, and yet have none to ran off. 

This being done, they must be dried in the dark, or, what is 
better, at once by the fire. Papers prepared in this manner are not 
like those excited for the camera, where every trace of white light 
must be excluded ; these, on the contrary, may be prepared in any 
ordinary room away /ram the window^ taking the precaution, as 
soon as they are dry, to put them in a portfolio. 

Another plan of ^exciting** the salted paper is by the employ* 
ment of the ammoniacal nitrate of silver, as hrst suggested by Mr. 
Alfred Smee. This solution is prepared in the following manner : 
In a two-ounce stoppered bottle place two drams of nitrate of silver, 
and pour over it one ounce of distilled water. When the crystals 
are dissolved, ammonia is added, a few drops at a time, and the 
bottle well shaken after each addition. The whole first becomes of 
a dark-brown color, from a precipitation of oxide of silver, but im- 
mediately the necessary quantity of ammonia is added, the solution 
becomes perfectly clear. A few crystals of nitrate of silver are now 
put in, just sufficient to cause a slight turbidness ; the bottle has 
then to be filled up with distilled water, and the solution is ready 
for use. 

In making this solution great care is required not to add an exceu 
of ammonia, which can m avoided by allowing the solution to 
remain slightly turbid. 
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Salted paper is excited with the ammoniacal nitrate of silver so- 
lution in precisely the same manner as described for the plain 
nitrate of silver solution, of course not disturbing the precipitate 
which settles at the bottom of the bottle. 

Printing Positives on Paper.-^The frames used for printing have 
been described, therefore it only remains to say that the negative 
must be placed upon the glass, face upwards, and the prepared par 
per, face downwards, upon this, face to face ; then the back-bouxl, 
and the whole screwed moderately together. Very little pressure is 
required in the case of ^laas negatives. 

The frame may now be carried into the light, and, in the case of 
a paper negative, exposed to the strongest sunlight ; so also may 
many glass negatives, but a great many also of the latter are better 
printed by a good diffused light without the sun. This arises from 
the glass negatives, particularly when varnished, being more trans- 
parent ; therefore the sunlight, if very intense, is apt to flatten down 
the picture, whereas bv printing in the shade, the darks, by giving 
more time, become quite as intense, and the whites more brilliant 

Most of the printing frames now used being jointed at the back, 
the picture may be examined, from time to time, to judge of its in- 
tensity, and if not sufSciently printed, closed up again without being 
shifted, and again exposed to the light. 

The printing process, as before observed, is very simple, but re- 
quires care, for if the picture be taken off too soon it will not fix up 
well, and if allowed to remain on too long it becomes too dark. 
But it should be borne in mind that the printing must be carried 
deeper than is wanted in the finished picture, ets a certain portion 
will be taken out in the fixing. By attention to this, and with the 
use of the toning bath about to be described, almost any tone of 
picture may be obtained. 

Toning the Picture. — We must now suppose the picture property 
printed. The next thing is to immerse it direct in the toning bath, 
made as follows : 

TOSnifO BATE. 

Hyposulphite of sods - - - 2-| ounoMb 

Chloride of gold . . . . s grains. 

Common salt 40 erains. 

llitrate of silver - - - - 1 arsm. 

Water 1 pint 

Dissolve the nitrate of silver in two ounces of distilled water, then 
add the common salt^ stir well together, and allow the precipitate 
which forms to subside ; pour away the upper clear fluid, and fill 
up again with water, allow to subside, and again pour off, three sep- 
arate times ; then add to the precipitate eighteen ounces of water 
and the hyposulphite of soda, and stir well together until dissolved ; 
lastly, add the chloride of gold, previously dissolved in the remain- 
ing two ounces of distilled water, and it is ready for use. 



FBnmNO FBOOKSS. 89 

The tone of picture produced by this bath will depend upon the 
iatensity to which the printing has in the first instance been carried ; 
therefore, if we want them to fix up very dark, we must print deep^ 
to give the above solution time to produce the required tone ; but if 
a warm brown is required, then less intensity will produce the 
result 

Having obtained the required color, which may take from ten 
minutes to as many hours, remove the print from the toning bath^ 
and fix by immersing it in the following solution : 

nzINO SOLUTION. 

Hyposulphite of soda .... 8 onnees. 
Water .--..- i pint Dissolve. 

Immerse the print in this bath for a quarter of an hour, then re- 
move it and wash it with water to remove the fixing solution as 
much as possible, and then plunge it into a vessel of water, which 
must be changed five or six times during the twenty-four hours the 
print must remain in it. After this drain, and pin up to dry. 

Too much care cannot be used in removing every trace of the fix- 
ing solution, as this, if allowed to remain, causes the picture to fade. 

It may be mentioned that the toning bath will "color or tone** 
some scores of prints, if a grain or two of chloride of gold is added 
from time to time, when its action is slow, to give the required col- 
or. The fixing solution should only be used to fix half a dozen 
prints, and be then thrown away, and a fresh solution employed for 
other prints. 

But as pictures are not only printed upon salted paper but on the 
albumenised, it will be necessary to describe the method of making — 

Albumenised Paper. — Take any quantity of the white of egg, and 
mix with it an equal quantity of water. To each ounce of the mix- 
ture add ten grains of muriate of ammonia, and beat the whole into 
a froth. The more effectually this is done the better. Then stand 
the basin aside, that the clear liquid may settle down, and pour this 
ofi" into a flat dish. 

The paper having been cut into the proper sizes, must be placed 
down upon this solution, and all air-bubbles avoided. This is best 
accomplished by beginning at one end and gradually pressing for- 
ward. Some considerable practice is required to make the paper 
properly, for the solution must be clear, bright, and free from air- 
bubbles. 

Each sheet must remain on for a few minutes, and then be pinned 
up to dry. As soon as this is the case, a hot iron should be passed 
over the surface, to set the albumen and render it insoluble. 

To excite for printing, dissolve two drams of nitrate of silver in 
three ounces of distilled water, and filter the solution into a flat dish. 

Float each sheet upon it for ten minutes, and again pin up to dry 
in the dark. 

The mode of using is in every other respect the same as that 
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d^Bcribed for the ordinary salted paper, but it has many adTantagea 
over that, not only in being able to print the meet delicate tinfa, 
from the picture being so entirely upon the surface, bat the sheet, 
if placed in a portfolio, yf\\\ keep for days without change ; where- 
aa, with the ordinary salted, it must be used the same day as excited. 
If the print has an unequal, mottled appearance, it indicates that 
the sheet of albumenised paper has not been allowed to remain on 
the nitrate of silver sufSciently long. 

Photographs of Microscopic Objects. 

Very beautiful copies of microscopic objects can be obtained by 
the photographic process, especially that with iodised collodion, poa- 
aessing all the markings and detail of the most minute objects. 

The only arrangement necessary for the purpose is the addition 
to the microscope of a dark chamber, similar to that of the camera- 
obficura, having at one end an apeiture for the insertion of the ey^ 
piece end of the compound body, atad at the other, a groove for 
carrying the ground-glass plate. 

This dark chamber should not exceed 24 inches in length ^the 
size which I have found it best to adopt) : if extended beyond mis, 
the pencil of light transmitted by the obiect-glass is diffused over 
too large* a surface, and a faint and unsatisfactory picture is the re- 
sult The eye-piece must be removed from the compound body, 
and the object (being well illuminated by reflection from the con- 
cave mirror) must be adjusted and focused upon the ground-glass 
plate.* In the production of positive pictures a slij^t difficulty 
nere arises, dependent upon the ^ over-correction** of the object-glass. 
The effect of this ** over-correction** is to project the blue rays of 
light beyond the other rays of the spectrum, and as the chemical 
properties of light reside beyond the violet and blue rays, it be- 
comes necessary that the plane of the sensitive plate should coin- 
cide with the foci of these rays, and it must therefore be placed be- 
yond the surface at which the best definition is seen ; this amounts 
to some distance with the lower combinations, and decreases with 
the increase of magnifying power. 

For the production of negative pictures, the ordinary illumination 
b not sufficient^ and recourse must be had to the sunbeam, which 
should be reflected upon the object by the plane mirror when pow- 
ers are used not exceeding the quarter of an inch combination. It 
18 not necessary here (when producing negatives by the sunbeam) 
to allow for the ^ over-correction" of the object-glass, but merely to 
focus the object carefully upon the ground* glass plate. 

In the production of negative pictures, a moment's exposure to 
the sunbeam is sufficient when usmg the lowest powers, and with 
the highest I have varied the time from five to ten seconds. 

* The microscope must be placed in a perfectly horizontal position, In order 
to adapt it to the dark chamber. 
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HEAT. 

Hbat in its Phtbical Rblations ; or ths Fhtbiob or Hbat. 

Stk. — Oahrie^ ChaUur^ Warmesiofy WarmematerU, 

Hbat, or Caloric, is supposed to be that substance whose entrance 
into the body occasions the sensation of heat or warmth. By the 
absence or loss of heat, we experience the sensation of cold. 

Heat is invisible, and is not susceptible of weight If sulphuric 
acid and water be mixed, there is a great developement of heat^ 
although the mixture has the same weight as before they were 
mixed. Iron when heated weighs the same as when cold. 

Heat is repulsive. If two bodies easily movable be suspended in 
vacuo, they repel each other, a proof that heat is repulsive. (Fres* 
nel.) 

Radiation of Heat. 

Heat possesses the property of spreading itself out in straight 
lines fix>m the plaoe of its origin. These rays pass through a 
vacuum, through elastic fluids, and through some liquid and solid 
bodies. The intensity of heat varies inversely as the square of the 
distance from the radiant point. 

Heat, like light, may be concentrated by concave mirrors. Two 
mirrors, fig. 22, are juxtaposed, with their principal axes in the same 
line. 




lic^sa. 



A lamp, or hot bail, ia placed in the focus A, and a differential 
thermometer in the focu§ B, when the latter by its sudden rise 
indicates that the rays of heat are converged at that point If a 
pieoe of ice is placed at A, the thermometer fiEdls, as in that oate 
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the heat-rays pass from the thermometer to the ice, from B to A. 
These effects can be produced at a distance of seventy-seven feet. 
Tinder has been set on fire at that distance by placing a red-hot 
ball in one focus, and the tinder in the other. But a thermometer 
placed midway between the two mirrors is not sensibly affected. 

When a body is placed in the air, or in vacuo, it radiates its 
excess of heat, or it absorbs it, depending upon the nature of its 
own surface. Leslie used the apparatus, ¥\g. 23, for the purpose of 
determining the radiating power of different sur&ces. Tne square 
can was filled with hot water, and its outside was coated with vari- 
ous substances. The thermometer indicated the radiating power of 
the can, when covered with the substances mentioned below. 




The following table will exhibit the relative radiating power of 
the substances with which the surface of the can was coated, as 
indicated by the thermometer : 



Lampblack, 100 

Water, 100 

Resin, 96 

Sealing-wax, 96 

Grown fflasa, 90 

Polished Lead, 19 

do. Tin, 12 



Indian Ink, 88 

Ice, 80 

IsinglaM, • 80 

Red lead, 80 

Graphite, 7ft 

Polished Iron, 16 

do. Copper, 12 



Polished Gold. 18 

Each substance has, therefore, a specific radiating and absorbing 
power, to which are opposed the Retaining and lieflecting powers. 
The latter, therefore, increase in the same ratio as the former 
diminish, and conversely. Lampblack radiates five tiroes more heat 
of boiling water than clean lead, and eight times more than polished 
tin. The bright metals, therefore, have the lowest radiating power, 
while those surfaces which are dark and rough have the highest 

When two bodies are so placed that air or empty space inter- 
Tenes, and are equally hot, the elasticity of the heat is equal in 
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both, and therefore each will hold the other in check, and the 
beat will remain at reet in both. Bnt if one of the bodies ia hotter 
than the other, the tenson of its heat will be greater, and conse- 
qnently a quantity of heat will radiate from it to the colder bodj, 
until the equilibrium is established. 

The calorific rajrs are possessed of difference of refrangibility as 
well as the luminous rays. The refrangibility of the rays depends 
upon the temperature of the source of heat The hotter the source, 
the more refrangible the rays emitted from it, and the greater their 
number. All heated bodies, however, emit rays of all deg^rees of 
refrangibility, the nature of the heated body determining the pro- 
portion of the refrangible rays. Different bodies exhibit difierent 
powers of absorbing these rays. Snow absorbs principally the less 
refrangible rays and reflects the more refrangible ones. Hence it 
does not melt so quickly in direct sunshine as in the neighborhood 
of stones or trees, and other solid bodies, which, wheu waimed by 
the sun*s rays, emit calorific rays of less refrangibility. Not so 
quickly when freely exposed to an argand lamp, as under a covdr- 
ing of black paper which does not touch the snow — not so quickly 
by the rays of an argand lamp as by those from a piece of metal 
heated to 400^, when both are placed at such a distance that their 
heating powers are equal. (Melloni.) It appears that the most 
refrangible rays of heat, when absorbed by bodies, and then emitted 
by them, are converted into rays of less refrangibility. The greater 
the radiating power of a body, the more rapidly it cools in vacuo. 
This also is accelerated by the greater extent of its surface, the 
smallness of its mass, and its less specific heat. 

Those surfiices which radiate heat most efficiently, likewise pos- 
sess the power of absorbing it Conversely, those substances which 
have a feeble radiating and absorbing power, as the metals, also 
possess the power of strong reflection. 

Bodies which allow rays of heat to pass through them are said to 
be Diathermanou9. If the heatrrays are allowed to fall upon a piece 
of glass, a small portion will pass through it. If the temperature 
of the source be lieated to ignition, then the number of the rays 
which pass through the dass is increased. Thoee rays which 
have already passed through a piece of glass, suffer much less di- 
minution by passing through a second. Bodies are poe^vessed ot 
different diathermanous powers. Common salt stands first in its 
power of transmitting all the heat-rays, although it allows but few 
light-rays to pass ; miWe most bodies transmit the most refrangible 
rays, and absorb the less refrangible ones. Of 100 rays of heat from 
an argand lamp, and falling on very thin plates of the following 
substances, the number transmitted are as follows : Transparent rock- 
salt, 92*t3 ; fiint glass, 67*0 ; sulphide of carbon, and protochloride 
of sulphur, 63*0; double-refracting spar, and rock crystal, 62*0; 
smoky topaz, 57*0; Brazilian topaz, 64*0; transparent lead spar. 



M BADIAtlON OF 9BAT. 

62*0; crown glass, 49*0 ; white chalcedony, d^*0 ; taranftkicent heavy 
spar, 83*0 ; oil of turpentine, 31*0 ; fat oU, 30-0 ; transpiu^nt aqiu 
marine, 20-0 ; translucent borax, 28*0 ; green Brazilian tourmaline^ 
^7*0; brown balsam of copaiva, 26-0; translucent adularia, 24*0; 
ether, 21*0; transparent gypsum, 20*0; oil of yitriol, 17*0; nitric 
acid, alcohol, and citric acid, 15*0; transparent alum, 12*0; water, 
11*0. 

That portion of the rays which is not transmitted is partly ab- 
sorbed and partly reflected. If 100 rays of heat fall perpendiciidarly 
on a thin plate /of rock-salt, 02*3 are transmitted, and 7*7 reflected. 
If the incident rays are oblique, the reflected rays become greater. 
As light is converged to a focus by a lens of glass, so the heat-rays 
are brought to a focus by a lens of rock-^t, the focal distance 
being greater than that of light, llie reason of this is, that light is 
more strongly refracted than heat As rock-ealt, in respect to heat, 
resembles transparent glass in respect to light, so most bodies re- 
fract the most refran^ble rays of neat, as blue glass does those of 
light Rock-salt blackened with lampblack, in ita transmission of 
the less frangible rays of heat, is analogous to red glass in its trans- 
mission of the less refrangible rays of light When the light of the 
sun is made to pass, first through water, which absorbs the less re- 
frangible, then through glass colored with oxide of copper, which 
takes up the more refrangible rays of heat, it is totally deprived of 
its heating power. (Melloni.) 

Water transmits the most refrangible rays, but absorbs those less 
refrangible. When the film of water is very thin (0*3 metre thick), 
the maximum of heat is found at the commencement of the green, 
and the heat spectrum extends but a little way beyond the red into 
the dark space. This explains Seebeck's discovery, that the maxi- 
mum of heat is found in difierent parts of the spectrum, according 
to the nature of the prism. The smaller the number of colorific 
rays, which any substance transmits, whilst it retains the less refran- 
gible rays the more nearly does the maximum of heat in the speo- 
trum formed by a prism made of that substance approach to the 
violet ; whence, according to Seebeck, a prism of water placed in 
the yellow, of oil of vitriol in the orange, of crown glass in the 
red, of flint glass beyond the red ; and with a prism of rock-salt, 
which completely transmits even the least refrangible rays, the 
maximum of heat is situated, according to Melloni, in the dark 
space, and as far removed from the red as the red itself is from the 
violet With some glass prisms, the maximum of heat approaches 
more nearly to the violet, in proportion as the ray of solar light 
passes through a thicker part of the prism, because, in this longer 
passage through the glass, a greater number of the less refrangible 
neat-rays are retained. (Melloni.) 

According to the investigations of Knoblauch, it appears that iha 
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quality of radiant heat transmitted through substances docs not de- 
pend 80 much upon the temperature of the source from ^hich it 
isBues as upon tbe nature of the body through which it is passed. 
Each substance is possessed of a certam inherent nature, by which 
rays of heat pass through it with more or less facility. The thick- 
ness of the plates of the substances employed also exerts consider- 
able influence upon the results, as was ascertained by Knoblauch. 
The capacity which substances possess of transmitting heat does not 
depend upon their transparency, for there is no relation between the 
power of transmitting heat and light Plates of the following sub- 
stances, being the 0*1081 of an inch thick, or about the tenth of an 
inch thick, allowed from the flame of an argand lamp very unequal 
portions of heat-rays to pass through them. 
Of 100 incident rays, there were transmitted — 

By rock-Bait 92 raja. 

lurror glass 62 " 

Rock crystal 62 " 

Iceland spar , 62 " 

Rock crystal, smoky fi7 " 

Carbonate of lead 62 '* 

Sulphate of barytes 88 " 

Emerald 29 " 

Oypaum 20 ** 

Fluor spar 16 " 

Citric add 16 " 

Rochellesalt 12 *< 

Alum , 12 " 

Sulphate of copper • " 

A piece of smoky rock crystal of a deep brown color, so dark that 
scarcely any light-rays could pass through it, allowed nineteen rays 
of heat to pass through it, although a piece of alum flfly-eight times 
thinner would allow only six heat-rays to pass through it. A 
species of black glass, almost impervious to the light, allowed the 
heat-rays to permeate it freely. Thus many bodies are dmthermantms^ 
or allow the heat-rays to pass through them freely, while others are 
diapkanouSy or allow the light to pass unobstructed through them, 
but are opaque to the heat-rays. Water, of all the diaphanous 
bodies, is tne least diathermanous, as, while it allows the light-rays 
to pass through it with facility, it transmits heat with the least 
readiness. But most of the diathermanous bodies belong likewise to 
the diaphanous class, or are more or less transparent, while those of 
wood, marble, and metal, which entirely obstruct the passage of 
lights does that of heat also. The source from which the lieat 
emanates influences greatly the result of its absorption by the same 
substance. For instance, if a piece of glass ^\jth of an inch thick 
be used, the ibllowing sources of heat vary the result of the passlige 
of the thermal rays considerably, as learned by Melloni : 
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OriOOnjt. TnuiunttUd. AbMriMd. 

From the fiiune of an oil lamp - • • - 64 46 

<* red-hot pUtinnm 87 63 

Blackened copper, heated to 782® F. - - - 12 88 

« " " 212'' F, • - • 100 

But rock-salt, above all other bodies, possesses the power of trans- 
mitting all the thermal rays, no matter from what source they may 
be derived — whether the low heat from the hand, or that from a 
bright flame. Rock-salt may be shaped into lenses, and may be 
used in that form for the concentration of the rays of heat, as glass 
is for those of light It may be cut into prisms, and may be used 
for decomposing heat, as glass prisms do that of light. It appears 
that heat, like light, may be separated into different rays, depending 
partly upon the temperature of the source from which the heat pro- 
ceeds, and that these rays can be separated, or sifted from each 
other, by the employment of different media. Flame emits them 
simultaneously, though in different proportions, but heat of lower 
intensity than flame emits some of these rays only. The thermic 
rays emitted from the sun are composed of those which pass most 
readily through glass, although there are other rays likewise present. 
The diversity of quality in the emitted rays is greatest in the argand 
lamp, less in the incandescent platinum, and still less in the alcohol 
flame, while in the case of the cylinder heated to 8^ R., it vanishes 
altogether. Generally the heat emitted from the most various solid 
bodies between the temperatures of 144*5^ and 234*5^ F. is perfectly 
homogeneous and monochromatic (Gmelin.) 

It is maintained by Melloni and Faber that the rays of heat can 
be polarised as are those of light, while Powell contends that they 
cannot The former persons say that the calorific rays from a body 
heated to redness may be polarised, so that they will or will not be 
reflected from a second sur&ce, and afterwards effect a thermometer 
according to the position in which that surface is placed. Rays of 
heat can be polarised by transmission through mica or tourmaline, 
and depolarised by doubly-refracting crystals. Pouillet informs us that 
the temperature of the sun is between 1461^ and 1761*6^, and that 
the heat which reaches this earth annually from it, is sufiicient to 
melt a stratum of ice, of 31 metres thick, surrounding the globe. 
The temperature of space, according to the calculations of this 
philosopher, is — 142-6°. According to the experiments of Prof. 
Faraday, artificial cold has been produced of — 166° F. This would 
then appear to be the temperature of space, as we would conclude 
that temperature to be equal to that of absolute cold, or the actual 
zero. 

If a number of bodies of various temperatures are placed near 
each other, it will not be a great while before they will all have 
either gained or lost heat, and will have all acquired the same tem- 
perature. It appears that at all times bodies are radiating heat| so 
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that there is a constant interchange of temperature between them. 
In the case we have previously ailuded to, of the conjugate mirror, 
where if a piece of ice is placed in one focus and a thermometer in 
the other, the mercury quickly falls, is an instance of the inter- 
change of heat between bodies. As cold is a n^ative quality, this 
can be accounted for by the fact, that the heat-rays pass from the 
thermometer to the ice, the thermometer being really the hot body. 
Unless we resort to the doctrine of the radiation of heat, we shall 
not be enabled to account for the deposition of dew. The earth is 
a good radiator, and therefore of a clear night, by the radiation of 
its heat, it acquires a temperature of some 10 or 20^ lower than 
the air in contact with it And this is especially the case with 
foliage, which possess powerful radiating properties. As the earth 
and the latter thus become cooler than uie air, there is a deposition 
of the moisture existing in the air upon their surface, and which is 
termed dew. The air, at all temperatures, is never deprived of 
moisture, but when the temperature is up so high as 52° F. it 
retains -^th of its v<4ume of vapor, but at 82° F. no more than the 

That the deposition of dew is the result of radiation is evident 
from the following circumstances : The accumulation of dew only 
transpires on a calm, clear night If the sky is obscured by clouds, 
then there is no deposition of dew, for the clouds return to the 
earth the heat radiated by it, and thus prevents its passage into 
snace. A screen placed several inches above the earth prevents the 
deposition of dew, for the heat radiated by the earth is prevented 
from escaping by the screen, and is returned again. Gardeners take 
advantage of this for the purpose of protecting their young plants 
during the early spring. 

Experiment has proved that the deposition of dew upon any 
object is in a ratio to its radiating power. A bright metal and 
hair placed side and side will exhibit different powers o( radiation, 
for wpile the one will be quite wet with dew, the other will not be 
the least moist The metal is a poor radii^r of heat, while the 
hair is a very powerful one, and thus the difference in their powers 
of accumulating moisture. 

Ice is made m Calcutta by radiation. The temperature of the 
nights in that country is never lower than 40° F., but as the sky is 
clear, the ground radiates heat powerfully. Water is placed in 
shallow pans, which are imbedded iu straw. The radiation from 
the surface of the water, even at the temperature 8° above the 
freezing point, converts the water into ice. This does not take 
place through evaporation, for when the water is removed in situa- 
tions least favorable to that process, as, for instance, where no cur- 
rent of air can pass over it, tnen the ice accumulates most rapidly, 
thus proving that radiation is the sole cause of the freezing, in 
situations least exposed to currents of air, the frost first makes its 
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appearance, for in those places the radiation is least diatarbed b^ 
the currents of air. Even what is termed the conduction of heat is 
thought by Ph)f. Qraham, and others, to be simt^y its radiataon 
from one particle of the conducting body to the ouier. 

Whether there exists a central heat in our globe admits not of a 
doubt As we continue downwards, there is a rise of one degree 
for about eyery 45 feet, and this continues progressKvely so £ur as 
we have yet gone down. For each mile that we "progten down- 
wards there is a rise of about 116° F. If this rate of temperature 
increases as we continue downwards, then at the distance of thirty 
miles there would be a sufSciently high temperature to melt iron, 
and which is sufficient to fuse the lavas, basalts, and oth^ rocks that 
have been thrown out of the craters in a melted state. Although 
this heat is so intense only thirty and a half miles from the sur- 
face of the earth, still it is unable, from the low conducting power of 
the earth, to affect its surfsice. It has been calculated hy Fourier, 
that were the earth even composed of solid iron, whose conducting 
power IS much greater than the materials of which it is now com«> 
posed, that it would require millions of years » for the heat to be 
conducted from a depth of 100 miles to the surface.* 

CONDUOTION OF HeAT. 

When heat is prevented from radiation by the adhesive force of 
liquid or solid bodies, it then diffuses itself through them slowly, 
or is conducted. Fourier, as has been mentioned before, considers 
that conduction is merely radiation — ^the heat, as it passes through 
the substance, being radiated from one particle to the other. The 
metals are the best conductors of heat. If the conducting power 
of gold, which is the best conductor, be assumed = 1000, platinum 
will be 081, silver 073, copper 808, iron 874, zinc 808, tin 804, lead 
180, marble 24, porcelain 12, tiles 11*4. (Despretz.) 

WoUaston heated a number of metallic rods, of equal length, 
breadth, and weight, which were covered with wax. Ine heat was 
applied at one end equally to each bar. The wax of the copper 

* The heat which we enjoy upon the earth, therefore, ia derived Arom the 
■nn, find it is amply Bufficient. The heat evolved from the sun, according to 
the experiments of M. Poaillet, in a single day would liquefy a shell of ice 
ten and a half miles thick, enveloping Uie sun. The inteRsity of the solar 
fire is seven times greater than that of the fiercest blast furnace. The mechan- 
ioal force derived ttom the sun by the amount of wood growing in one year on 
one square foot of surface, corresponds to that which would be required tondse 
a weight of 486,000 lbs. to the height of one foot, while this is only the 1-1 Ith of 
the whole effect of the snn^s rays, of which only one-flflh reaohesthis earth, and 
the half of that is lost Heat la a fbrm of mechanical force. A working>maii 
produces in 24 hours an amount of heating or thermal effect equal to raising 
n^arlv fourteen millions of pounds to the height of one foot. This force, 
whetner derived A*om heat, electricity, or (^emi<»l action, ia ultimately derivea 
ftom the solar raja, seorated by vegetation. 
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WHS melted for a diatanoe of 8*6 i&ebea, that on tke Avet for 2*5, 
and on the platinum and palladhim, 1 inch. Solid sabstaneea pee-^ 
Bess different powers of conducting heat ; for, while the metals coU'^ 
dnct it with great facility, light and porons snbetmoes oonduct it 
but poorly. Substances, therefore, of the latter class are generally 
used for clothing. The finer the fobric of woollen cloth, the more 
poorly does it conduct; while the down of the eiderKlock appears 
to be the poorest oondoetor of beat known. Glass is a very poor 
eondnctor. A glass rod which is being fused at one end, may be 
held at the other within an inch or less of the red-hot portion. The 
following sufaetanoes are arranged in the order in which they are 
the most valuable as building materials — those which conduct heat 
most poorly being placed first, and succeeded consecutively by those 
which are better conductors : — Plaster and sand, 18'70 ; plaster of 
Paris, 20-2d ; Roman cement, 20'88 ; beeoh-wood, 22*44 ; lath and 
plaster, 26-65 ; oak-wood, 88*66 ; chalk, 56*38 ; brick, 60*14 ; fire« 
brick, 61-70 ; slate, 100. (Hutchinson.) 

If two metals, one a poor conductor of heat and the other a good 
conductor, be placed in contact, the latter being heated while the 
former is cold, there will ensue certain musical tone» not unlike the 
vibrations of the glass in the harmonicons. These sounds appear to 
be connected with the oonductine power of the metals. In order to 
insure the tones, the best conducting metal should be sliffhtly curved 
at the bottom, and laid upon the worst oonductor, whi<^ should be 
fiat The best conductor is then thrown into a state of vibration, 
or rocking motion, by whidi the sounds are produced. 

Some bodies which we take hold of appear cold to the touch| 
while others feel comparatively warm. This difference in tempera- 
ture depends upon the conducting power of the substance. If it is 
a good oonductor, then it feels cold, as in that case it conducts the 
heat rapidly away from the hand ; while, if the body be a poor 
conductor of heat, it conducts so little of the heat of the hand away 
as to cause but little of the sensation of cold. 

C0NDUCTI9O POWSB OF LlQUIDB. 

When heat is communicated to the bottom of liquids, it does not 
pass upwards through conduction, or by radiation from particle to 
particle, but in consequence of currents in the liquid which flow 
upward and downward. Heat in this case is communioated by 
convection. The lower portion of the liquid is eicpanded by the 
heat, and ascends ; while the upper portion, being heavier, descends 
to take the place of that which has just risen. The consequence 
is, that there is a circulation of the fluid which continues until the 
whole liquid has acquired a uniform heat of 212^ F. But if heat 
is applied to the top of the liquid instead of the bottom, then the con- 
ducting power of the liquid is manifest, and takes place very slowly* 
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It 18 bj the convection of heat that apartmentB are frequentlj 
wanned. A tube is carried throughout toe house ; this tube con- 
tains water, which, when heated at the bottoni, causes a circulatioB 
of the heated water throughout the length of the tube, the colder 
portions of the water falling to the lower portions of the tube, while 
the heated water rises to take its place. 

The cooling of heated bodies in gases and in the air, takes place 
partly throu^ radiation and partly through the transferrence of 
the heat to the particles of the gas. The latter mod&of communi- 
cation is not affected either by the nature of the surface, or by the 
absolute temperature, provided the difference of temperature between. 
the heated body and the surrounding air remains the same : so long 
as the elasticity of the air continues unaltered, its density may vary 
in any way whatever from change of temperature, without producing 
any alteration in the rate of cooling. On the other hand, the velo- 
city of cooling by contact varies : 1. With the elasticity of the sev- 
eral kinds of gas — inasmuch as the diminution of the elasticity con- 
sequent on mechanical rare&ction lessens the rate of cooling in a 
proportion which is different in the different kinds of gas. 2. Ac- 
cording to the nature of the surrounding gas — being greatest in 
hydrogen (whether from the greater mobility of that gas, or its 
ereater capacity for heat?), less in defiant sas, still less m air, still 
less in carbonic acid, and, according to Davy, slowest of all in 
chlorine gas. But even when the actual velocity changes, the law 
of cooling by contact of gas remains always tne same, viz., that 
when the difference of temperature is doubled, the velocity of cool- 
ing increases 2*85 fold. (Petit and Dulong.) 

Expansion of Gases. 

When heat enters into bodies, it expands them. This expansion 
varies according to the nature of the substance, not only in degree, 
but also in the law which it follows. By being heated from 82° F. 
to 212**, 

1000 cubic inches of iron become 1004 
1000 " " water « 1046 

lOOb « « aip « 1866 

Gases are therefore more expansible than solids ; for their parti- 
cles, not being under the influence of cohesion, are easily separated 
by repulsion, which heat greatly expands. All gases, by the appli- 
cation of the same amount of heat, undergo the same degree of ex- 
pansion, the rate being uniform at all temperatures. According to 
the more exact experiraentB of Magnus and Regnault^ the expansion 
of air from 82** F. to 212° is f ^, or ^ of ita volume at 82**. Or 
air at 82** F. expands ^^y part of its bulk for every degree of heat 
added: 
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491 enbie inches of air at 82** booome 

492 " " " * 88° 
498 " « " " 84^ Ac 

The increase bein^ one cubic inch for every degree of Farenheit 
added. A contraction of one cubic inch takes place for every degree 
below 32"", thus : 

491 oabic inohes of air at 82** beoomo 
490 " ** " " 81** 
489 « « " " 80** 

488 « « «« « 29°, Ac 

The expansion of air, when heated from 82° to 212° F., is con- 
stantly the same, whether it be subjected to a pressure of «X, \^ 4, 
^, 1, 2, 3, 6, or 15 atmospheres. Air heated from 212^ to low i^ 
ness, expands from one measure to 2*25 ; and at a bright red heat, 
to 2*50 measures. 

Agreeably to the above law, that gases expand the ^^ part of 
their bulk for each degree added, we can easily ascertain the expan- 
sion, which a certain volume of gas will undergo when heated to 
any particular temperature ; or the contraction which will transpire 
from cooling. Air at 32° F. has its volume doubled when heated 
491° ; or when heated 982°, its volume is tripled, <kc. 

Recent experiments made by Magnus and Regnault have shown 
that the rate of expansion is not the same for all gases. The differ- 
ences of expansion, however, are not very considerable, and will 
scarcely affect the generality of the law of Mariotte. With atmos- 
pheric air, carbonic acid, and sulphurous aoid, the coefficient of 
expansion increases with the tension of the gas. The laws, as gene- 
rally enunciated^ that " the expansion of any gas between siven 
limits of the temperature, is independent of the initial density,' and 
^ all gases have the same coefficient of expansion/' are regarded by 
Renault as true in the limit only ; that is to say, they accord more 
and more nearly with the results of observation in proportion as the 
gases are in a more expanded state. (Gmelin.) 

Expansion of Liquids. 

' In liquids, expansion is greater than in solids, for the reason. that 
the expansive force of heat is less resisted by cohesive attraction. If 
the bulb and part of the stem of a thermometer are filled with water, 
upon applying heat to the bulb the fluid is seen quickly to rise in 
the stem. 

Some liquids are much more expansible than others. If the fol- 
lowing liquids are heated from 32** F. to 212°, they expand thus : 
alcohol expands ^, fixed oils •^, water -A-, mercury ^.^. Alcohol 
is therefore nearly six times more expansible than mercury. In the 
summer, spirits will measure 5 per cent more than in winter. (Gra- 
ham.) 100 measures of liquid carbonic acid at — 20°, expand to 
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150 measures at 4* 30^. The ezpaBsion of liquid carbonic acid is 
therefore greater Uian that oi gases. If it is heated from 32^ to 86% 
twenty volumes of this liquid expand to twenty-nine, which is four 
times a greater dilation than that of air by the same change of tem- 
perature. Sulphurous acid and cyanogen, in the liquid state, are 
extremely expansible, but not so much so as the liquid carbonic 
acid. 

A great correspondence has been observed in the expansion of 
alcohol and bisulphide of carbon, although their boiling points are 
different, that of the former being 113° f^ while that of the latter 
18 116^. These two liquids expand and contract uniformly from the 
additicMi and loss of heat. This is also the same with the bromides 
of ethyle and methyle, and likewise the iodides of ethyle and methyle. 

Liquids are more expansible at high than at low temperatures ; 
but mercury is less liable to this increased expansion than any other 
liquid. This renders the employment of mercury for thermometers 
very reliable. The rate of expansion of. mercury — 

From 0*" to 100** 0. 18 1 measure oq 55) 
** 100' " 200** C. « 1 " « 54i 

** 200' *• aoo' a •* 1 " "58 

While the expansion of mercury confined in glass tubes is only I on 
64*8. The glass tube also expands, which enlarges its capacity ; 
and this compensates for the expansion of the mercury. 

Rumford ascertained the contraction of water, for every 22^^ in 
cooling, from 212** F. to the freeaing point 

200 measures of water contract, 

Jn oooling 22)', or from 218<» to ISH"" 18 meMium 

•• « « ** 189itoie7 16-2 * 

" •* " « 167 tol44i 13-8 «« 

• " " ** 144itol22 11-5 " 

« * ** " 122 to 99) 9-8 " 

" « «< « 99ito 77 71 ** 

« « •« « 77 to 54) 8*9 « 

«« « «* « 54)to 82 0-2 " 

Water, in its expansion and contraction by heat, is subject to 
some peculiarities which demand attention. When water of the 
temperature of 89^ F. is exposed to further cold, instead of contract- 
ing, it expands. When water of 89*^ F. is either heated or cooled, 
it expands regularly for the same number of degrees either added or 
subtracted ; hence, when cooled to 86^, it rises to the same point as 
when heated to 44^. At 82° it stands at the same point as at 48^ ; 
and at 20°, at the same point as at 60°. The experiment of Dr. 
Hope is instructive, and illustrates the expansion and contraction of 
water very strikingly. A glass jar was filled with water of the 
temperature of 60^ F., and was placed in a cold room. Two ther- 
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mometera vrare plunged into the water, one of which was near the 
sorfoce, and the other at the bottom. The upper thermometer in- 
dicated a temperature several degrees higher than the loner one, as 
the cooling proceeded, antil the water reached a temperature of 
89-2°. Thns the chilled water fell to the bottom, being condensed 
by the cold, as will be seen b; Fig. 24. 
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At 40° (or, according to late anthorities, 39*2°) the two thermome- 
ter* remained for awhile steady (Fig. 25) ; bat, as the cooling pro- 
ceeded, the higher thermometer fell as indicated in ¥ig. 26, 

Among all solid bodies there is bnt one known which follows this 
law of eipanaon by the abstraction of heat at certain temperatures. 
This ie the fuubla metal of Rose, which is cempoaed of bismuth S 
parts, lead 1 port, and tin 1 part, by weight. This alloy, when 
heated from o' to ii^ C, expands. When still further heated, it 
contracts, so that at C6° C. its density is the same as it was at 0°, 
and at 60° C. still greater. Beyond this temperature expansion 
hgua takes place : at 67*5° 0, the alloy is again of the same den- 
sity as at 0°, and at 94° C, at which it fnses, the same as at 44° 0. 
This alloy cannot, bowerer, be compared to water, as, doubtless, 
there is an alteration in its oonstibttion which may occur from the 
change of temperature. 

The extraordinat^ irregularity in the dilation of water by heat, 
IB not only curious m itself^ but also of the ntmost consequence in 
tiie economy of nature. When the cold sets in, the surface of 
onr rivers and lakee is cooled by the contact of the cold air and 
other causes. The superficial water, so cooled, sinks and gives 
place to warmer water from below, which, chilled in its turn, sinlcs 
m like manner. The prcwress of cooling in the lake goes on with 
eonsiderable rapidity, so long as the cold water.descends and ex- 
poses that not hitherto cooled. But this circulation, which accel- 
erates the cooling of a mass of water in so extraordinary a degree, 
ceases entirely when the whole water has been cooled down to the 
temperature of 40", which is still eight degrees above the freezing- 

Kint. Thereafter the chilled surface-water expands, as it loses ita 
a^ and remains at the top, from its lightness, while the cold is 
Tffj imperfectiy propagated downwards. The sui&ce in the end 
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freezes, and the ice may thicken, but at the depth of a few feet tM 
temperature is not under 40° F., which is high when compared 
with that frequently experienced, even in this climate, during win- 
ter. If water continued to be heavier until it arrived at the free^ 
ing temperature, the whole of it would be cooled to that point 
before ice began to be formed ; and the consequence would be, that 
the whole bc^y of water would rapidly be converted into ice, to the 
destruction of every being that inhabits it Our wannest summers 
would make but little impression upon such masses of ice, and the 
cheerful climate which we at present enjoy, would be less com- 
fortable than the frozen regions of th« pole. Upon such delicate 
and beautiful adjustments do the order and harmony of the uni- 
verse depend. (Graham.) 

The expansion of bodies by heat greatly varies. For instance : 

1000 ciibio ioohes of iron become 1004 
1000 « " " water " 1046 
1000 " " « air « 1866 

While liquid carbonic acid is still more expansible. Gases, it will be 
}torceived, are very expansible ; for, not being under the influence 
of cohesive attraction, like solids and liquids, they are possessed of 
powerful repulsive properties, a small amount of heat greatly en- 
hancing this expansion. All gases undergo the same increase of 
volume by the application of the same amount of heat, the rate of 
expansion continuing uniform at all temperatures. 

The expansion of gases has been previously alluded to, and there- 
fore requires no further notice here ; but the expansion of fluids in 
relation to the thermometer, necessarily requires some attention. 

Since gases and vapors are the only bodies the expansion of 
which is uniform, the thermometer cannot give precisely the true 
temperature, but makes the high temperatures too great. The 
expansion of the glass which incloses the fluid must be taken into 
consideration, since it makes their real expansion too great. But 
as the expansion of glass at high temperatures increases more 
rapidly than that of gases, the error of the mercurial thermometer 
is partially corrected by this circumstance. It is likewise ascer- 
tained that by the pressure of the external air upon the bulb of the 
thermometer, it slightly contracts, in time, which has a tendency to 
slightly elevate the mercurial column from one-half to 1^ R., 
above its previous standard. When thermometers are exposed to 
temperatures above 300^, the alteration of the zero point amounts 
to half a degree in four or five years. 

The Air-Thbruometer consists of a glass bulb, with a tube at- 
tached to it. The bulb contains air, while the tube is closed with 
a drop of some not easily volatile liquid, such as sulphuric acid. 

The Differential Thermometer consists of a glass tube, bent in 
a U form, with bulbs blown at each end. The tube is filled with 
fluid, which is driven one way or the other, according as either one 
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bidb or the other is heated. ThuB the Differential Thermometer 
measures the difference of temperature, bat no exact degrees. If 
one of the bulbs of this thermometer is covered with lampblack, 
and the other bulb with gold-Ieat^ the former beconieB more strongly 
heated by exposure to light than the latter, and thus the instrument 
becomes one susceptible of measuring the intensity of light, or it ia 
converted into a Photombtbr. The delicacy of the Differential Ther* 
mometer becomes still greater when it is filled with the vapor of al- 
cohol in contact with excess of that fluid instead of air. (Howard.) 

The AfR-pYROMBTBR is a hollow sphere of platinum, fitted with 
an escape tube. The hotter the fire to which the platinum vessel 
is exposed, the greater is the quantity of air driven out of it^ and 
thus received over water and measured. (Pouiilet.) 

The Mercurial Thermometer can only be used for temperatttrea 
between —38^ and +350'' : the Spirit-Thermometer between the 
greatest degree of cold known and +'70^. 

The Mbtallic Thermombtbr of Breguet is composed of three 
thin strips of platinum, gold, and silver, which are laid on each 
other, and wound into a spiral. This spiral becomes twisted by the 
unequal expansion and contraction of these metals by the changes 
of temperature. This twisting gives motion to an index, which, 
by passing over degrees, indicates the temperature. This ther* 
momeler does not indicate the exact measurement of temperature, 
as it does the detection of very transient changes. 

The Metal Pyrolmetbr consists of a bar of silver or of platinum^ 
which is contained within a tube of porcelain, or sometimes of clay 
mixed with black-lead. The metal bar, when heated, expands 
more than the clay, and gives motion to an index, which traverses a 
graduated arc. 

The Pyrometer of Wedgewood consists of cylinders of clay, 
which contract at high temperatures. The first degree corresponds 
to 598° C, and each degree is equal to 72"^ C. This pyrometer 
gives very uncertain results, and is therefore but little used. 

Princep uses alloys of silver and gold, ten parts of which con- 
tain 1, 2, 3, 4, 5, 6, 7, 8, or 9 parts of gold. For very high tem- 
peratures he uses alloys of gold and platinum, containing 99, 98, 
97, &c., per cent, of gold. They are made into flattened buttons. 
These alloys he places in separate cupels in the fire, the strength of 
which he wishes to determine, and ascertains which of them is 
fused. From a comparative estimate with an air-pyrometer made 
of gold, it appears that silver melts at 999° C. ; 9 parts of silver and 
1 of gold, at 1049° C. ; 8 of silver and 2 of gold, at 1070° C; 6 of 
silver and 4 of gold, at 1099° C. ; and 3 of silver with 7 of gold, at 
1379° C. An alloy containing 30 parts of gold and 70 of plati- 
num is infusible, even in the strongest blast-furnace. (Gmelin.) 

The thermometer of Reaumur is divided into 80 degrees, being 
the interval between the freezing and boiling point. The thermom* 
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eter of Celsius, being generaHy designated the Centigrade, is divided 
from the ft'eezing to the boiling point of water into 100 degrees. 
That of Deiisle is divided into 160, and that of Fahrenheit into 180 
equal parts. The thermometers of Reaumur and Celsius have their 
zero at the melting-point of ice ; that of Deiisle at the boiling-point 
of water, while that of Fahrenheit is placed 32^ below the melting- 
point of ice : 9® F.=7'6® D.=6'^ C.=4° R., while a correction must 
be made for the different positions of zero. 

For the common thermometer, mercury is the most appropriate 
fluid that we can make use oil But if the instrument is to be used 
for very low temperatures, alcohol should be resorted to, as mercury 
becomes solid at — 39^ F. 

In the thermometer of Fahrenheit^ the freezing-point of water, or 
rather its melting-point, is put down at 32°, while thirty-two de- 
grees below that is put down as zero. This temperature was 
thought by Fahrenheit to be Uie absolute negation of neat, and waa 
therefore marked zero on his thermometric scale. In the instru- 
ment of Celsius, a Swedish philosopher, the space between the 
freezing and the boiling of water, was divided into 100 equal parts. 
This instrument, under tne designation of the centigrade thermometer, 
is generally made use of in Europe, except in England. The freez* 
ing-point of water is termed 0, or zero, and the bolling^•point is 100°. 
In the thermometer of Reaumur the freezing-point of water is, as is 
the case with that of Celsius, 0, while the boiling-point is 80°. A 
simple rule may be given for converting centigrade degrees into 
those of Fahrenheit 100 degrees Centigrade ^ing equal to 18° 
of Fahrenheit, 10 degrees C.= 18 degrees F., or 5 c^piees C.=82. 
ThuB to find the degree F. corresponding with 60° C. 

60 
9 



6 )460 

90 
add 82 

122 degrees F. 

The following table can be consulted for the corresponding de- 
grees of the three thermometers : 

F. 

+ 

lie 

707 
698 
689 
276 
266 
267 



R. 


C. 


F. 


+ 


+ 


• + 


320 


400 


762 


316 


396 


743 


312 


390 


734 


308 


386 


726 


288 


360 


680 


284 


366 


671 


280 


360 


662 



R. 


C. 


+ 


+ 


304 


380 


300 


376 


296 


370 


292 


366 


108 


136 


104 


130 


100 


126 
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R 


C. 


F. 


R. 1 


C. 


F. 


+ 


+ 


+ 


+ 


+ 


+ 


276 


845 


653 


96 


120 


248 


272 


340 


644 


92 


115 


239 


268 


335 


635 


88 


110 


230 


264 


330 


626 


84 


105 


221 


260 


825 


617 


80 


100 


212 


256 


320 


608 


76 


95 


203 


252 


315 


599 


72 


90 


194 


248 


310 


590 


68 


85 


185 


244 


305 


581 


64 


80 


176 


240 


300 


572 


60 


76 


167 


236 


295 


563 


56 


70 


158 


232 


290 


554 


52 


65 


149 


228 


285 


645 


48 
44 
40 


60 


140 


224 


280 


636 


66 


131 


220 


275 


627 


50 


122 


216 


270 


518 


86 


45 


118 


212 


265 


609 


32 


40 


104 


208 


260 


500 


28 


86 


96 


204 


255 


491 


24 


80 


86 


200 


250 


482 


20 


25 


77 


196 


245 


473 


16 


20 


68 


192 


240 


464 


12 


16 


69 


188 


235 


456 


8 


10 


50 


184 


280 


446 


4 



6 


41 


180 


225 


487 





82 


176 


220 


428 


— 


— 


+ 


172 


216 


419 


4 


6 


28 


168 


210 


410 


8 


10 


14 


164 


205 


401 


12 


16 


6 


160 


200 


892 


14*82 


17*78 





156 


195 


888 


16 


20 


— 4 


152 


190 


874 


20 


25 


18 


148 


186 


866 


24 


89 


22 


144 


180 


856 


28 


86 


81 


140 


175 


847 


32 


40 


40 


186 


170 


338 


86 


45 


49 


132 


166 


329 


40 


50 


68 


128 


160 


820 


44 


66 


67 


124 


166 


311 


48 


60 


76 


120 


160 


302 


62 


. 65 


86 


116 


145 


298 


66 


70 


94 


112 


140 


284 


60 


75 


103 


64 


80 


112 


76 


95 


189 


68 


86 


121 


80 


100 


148 


72 


90 


130 
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SXPAMBIOV OF LUVSTDB. 





a h 


e 


d 






€ 


/ 


10 1 


1^1-26* G=2-25'' F. 


rC.=0-8" 


R=l-8" 


F. 


l** 


F.=0-56* 


C.=0-44*' B. 


2 


=2-6 =4*5 


2 =1'6 


=8-6 




2 


= 1-11 


=0-88 


8 


=8-76 =6-76 


8 =2-4 


=6-4 




8 


= 1-67 


= 1-88 






4 =8-2 


=7-2 




4 
6 
6 
7 
8 


=2-22 
=2-78 
=s8'88 
=8.89 
=4-44 


= 1-77 
=2-22 
SS2-66 
=811 
=8-66 



How many deCTees Fahrenheit = 278 Celsius f According to the table 
270 Cels. =618^F^ the 8'' C. over are equal by d to 6-4° F.; and these 
added give 618"* + 6*4'' = 628-4'' F. How many degrees of Celsius = 676'' 
Fahrenheit! By the table 67r F. = 8-66° Cels. ; and by d. 6** F.=s 2*78*' 
C; therefore together 671'* F.=866* H-2780=867-78*' 0. 

Heat imparts to many ponderable bodies particular colors, which 
▼ary according to the quantity of heat contained in the bodies. 
When heated they assume certain colors, differing from those thej 
possess when cold, but upon cooling their original colors return. 
This change of color does not implicate any chemical change. Sul- 
phur, generally of a pale yellow color, when heated just below its 
melting-point becomes brown. Hyponitric acid at — 20° C. is 
colorless, at 0** is pale yellow, and at + 20° is orange-yellow. Fur- 
ther increase of heat increases the depth of its color. Titanic, tan- 
talic^ and molybalic acids, which are white at common temperatures, 
become of a lemon-yellow color when they are heated. The OTcen 
oxide of chromium becomes brown by heat, while the orange-colored 
chromic acid becomes red. The lemon-yellow tongstic acid becomes 
orange-yellow by heat. Pale gray anhydrous tersulphate of chro- 
mium becomes the color of peach-blossoms when heated. The yel- 
low neutral chromate of potassa, or soda, becomes aurora-colored 
by heat, while the orange bisulphide of arsenic becomes red. The 
yellow tersulphide of arsenic when heated changes color, varying 
from red to brown. The white oxide of antimony, and the white 
antimoniotts acid, change to lemon-yellow by heat The pale-yellow 
antimonic acid becomes brownish yellow when heated. The yellow 
oxide of bismuth varies from orange to red-brown by heat. The 
pale-yellow oxide of zinc becomes bright yellow. The orange-yel- 
low sulphide of cadmium by heat becomes first brownish and then 
crintson-red. The white peroxide of tin becomes orange-yellow. 
The yellow oxide of lead gets brown-red when heated, while the 
scarlet-red minium becomes violet The following salts also be- 
come of the colors, attached to them when heated : Yellow chro- 
mate of lead, brown ; brown-red peroxide of iron, dark brown ; 
colorless aqueous solution of acid pemitrate of iron, reddish- 
yellow; red suboxide of copper, brownish gray; brownish-black 
protoxide of copper, deep black ; red oxide of mercury, brownish- 
black; scarlet cinnahar, carmine-red; white protosulphite of 
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mercury, first yellow, then red; yellow basic protonitrate of 
mercury, red ; and the yellow di-iodide of mercury, red. (Gme- 
lin.) 

Speoivio Hxat. 

Difierent bodies at the same temperature contain different quan- 
tities of heat, whether we compare them with regard to weight or 
volume. Equal weights of iron, sulphur, and lead, for iustauce, 
heated to 212^ F., when placed in contact with ice, cause a certain 
quantity of it to melt, but the quantity of water produced is very 
different with the three substances — ^the sulphur melting six and a 
half times, and the iron nearly four times as much ice as the lead. 
Now, if these three bodies contained eoual quantities of heat, the 
ice melted by each would be equal. If we were to heat equal 
weights of sulphur, iron, and lead up to the same temperature with 
the same spirit-flaroe, we should require to bum for that quantity 
of lead which would require one ounce of alcohol, four ounces of 
that fluid for iron, and six and a half ounces for sulphur. There- 
fore, different bodies require different quantities of heat to raise 
their temperature equally, and disengage unequal quantities of heat 
in cooling through the same number of de^ees of temperature. 
The different quantity of heat, therefore, required by equal weights 
of bodies to bring them up to the same degree of temperature, is 
called Specific JEieat^ when the bodies are compared with regard to 
their weight, and Relaiive Heat when they are compared with re- 
gard to their volume. It appears that 16 parts of sulphur by weight 
melt as much ice as 28 parts of iron, and 104 parts of lead. These 
numbers correspond witn the equivalent or combining proportions 
of these substances. Thus it appears that equivalents of bodies ab- 
sorb equal quantities of heat in acquiring the same temperature. If 
bodies of different temperatures, and of different capacities for heat, 
are mixed together, the temperature of the mixture will not be the 
mean between the temperatures of the bodies ; that is, equal weights 
of bodies of unequal capacities for heat, when brought to the same 
temperature, raise or lower the temperature of a certain quantity of 
water through a different number of degrees, or they will melt un- 
equal quantities of ice. Bodies of equal size, and equally heated, 
wnich are of different capacities for heat, require different times to 
cool down to the same point in the same medium, provided the 
radiating power of the surfaces are the same in all. Gases require 
different times to produce in them equal expansion, if submitted to 
equal heat 

For the determination of the specific heat of gases, Dulong availed 
himself of the velocity of sound. This he effected by forcing the 
gases through a flute, and determining the pitch of the sound. 

The following table will give the specific heat of elastic fluids at 
the ordinary pressure of the atmosphere : 
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Specific Heat of JSlaatie Flttids at ths ordinarif Pressure of the 

AtmospKere. 



Oxygen gas, 



Hydrogen gas, 



Chlorine gas 

Nitrogen gas 

Vapor of water . . . . 
Carbonic oxide gas 

Carbonic acid gas . 



SnlpharoQB acid gaa . . • , 
Sulphuretted hydrogen. 
Hydrochlor. acid gas . . . 
Kitrona oxide gas , 



Nitric oxide gas, 
Ammoniaeal gas 
CTanogengas... 
defiant gas 



SpBomc Hk^t. 


BBL^Tnrs 
HSAT. 


that of 


that of 


that of 


water =1 


alrssl 


•Irsl 


0-2500 


1-0000 


1-0000 


0-2669 






0*8046 






0*1956 


0*7828 


0-8080 


0-2861 


0-8848 


0-9765 


0'2750 


0*9028 


0-9954 




0*9069 


1*0000 




9-5774 


0-6640 


8*2986 


12*8401 


0*9088 




14-428 


1-0000 


6*1892 


20-8191 


1-8979 




21-2064 


1-4590 




0*4074 


1-0000 


0*2764 


1-0818 


1-0000 


0*8188 


1*0298 


1*0005* 




1-0741 


1-0480 


0*8470 


8-1860 


1*9600 


0-8128 


1-0258 


0-9925 




1-0289 


0*9960 




1'0802 


1*0000 


0*2884 


1-0805 


1*0840 




0-6557 


1*0000 


0*2124 


0*6925 


1*0656 
1*1750 




0-7888 


1*1950 
1-2220 


0-S210 


0*8280 


1*2588 




0*9885 


1*5000 




0-4607 


1*0000 




0*8485 


1*0000 




0*7925 


1*0000 




0-6557 


1-0000 


0*2240 


0-7854 


1-1229 
1-1600 




0*7827 


1-1930 


0*2869 


0-8878 


1-8508 




0-9616 


1-7000 




1*6968 


1-0000 




0*5547 


1-0000 
1-0660 
1*5810 


0*4207 


1*6768 


1*5580 






1*6809 



Clement & Deftormes. 

De la Roche & B^rard. 

Saermann. 

Apjohn. 

De la Roche <& Bdrard. 

Saermann. 

Clem.&De8.,DelaBlve& 

Mar., Havkrafb, Dulong* 
Clement A Desormett. 
De la Rocno & B^rard. 
De la Rive & Maroet* 

Haykraft, Dulong. 
Saermann. 
Apjohn. 

De la Rive & Marcet. 
De la Roche & B^rard. 
Saermann. 
Apjohn. 

De la Roche & B^rard. 
Saermann. 
Apjohn. 

DelaRive&Mar.,Dalong« 
De la Roche <& Bdrard. 
Haykraft. 
Saermann. 
Dalong. 
Apjohn. 

De la Rive & Marcet 
De la Roche <& B^rard. 
Clement <& Desormes. 
De la Rive & Marcet 



ti 
(I 






Saermann. 

Dalong. 

Apjohn. 

De fa Roche & B^rard. 

De la Rive & Marcet 









Havkraft 

Dalonfir* 

De la Koche A B^rmrd* 

De la Rive & Marcet 



* This nmnber cannot be right ; for 1*0298 . 0*9767 «> 1*0048. 
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All simple gases, according to De la Rire and Marcet^ have the 
lame relative heat 

If the quantity of heat required to raise bj 1^ the temperature of 
air inclosed in a yessel with rieid sides be assumed = 1*000, the 
quantity required to produce the same rise of temperature in an 
equal quantity of air confined under the same pressure, in such a 
manner that, while the pressure remains constant, it can expand 
freely when heated, will be 1*421 ; and if it be again reduced by 
pressure to its former balk, this quantity 1*421 of heat, correspond* 
mg to the increase of volume, must be set free* A distinction, 
therefore, must be made between relative heat under constant volume, 
and relative heat under constant pressure. (Dulong.) 

Air, oxygen, hydrogen, and carbonic oxide gas have the same 
relative heat under constant pressure, hence it may be surmised that 
they have likewise the same relative heat under constant volume, 
and therefore that they evolve the same quantity of heat when sub* 
jected to the same pressure. Carbonic acid gas under the same 
pressure shows a rise of temperature of only 0*337°, nitrous oxide 
gas of 0-343^ and defiant gas of 0*240"". 

The following table will give the specific heat of a variety of sub- 
stances according to the determination of M. Begnault : 



SnbstaoeeSk 



Speclfloheat 
of equal weights. 

Water 1000* 

Ice 618- 

Oil of Tarpentioe, at 6Z.6'' F. 426* 

" " at 60'' P. 414- 

Wood cbarcoal 241* 

Salphur 208* 

Glass 198* 

Diamond 147* 

Iron 118-79 

Nickel 108*68 

Oobalt 106*96 

Bismuth 



Substanoea. 



Spedflcbeat 
ofeqaalweigtatib 

ZiDO 98-65 

Copper 96*15 

Arsenic 81 '40 

Silver 67*01 

Tin 66-28 

Iodine 64*12 

Antimony 60-77 

Gold 82*44 

Platinum 82*48 

Mercury 38*82 

Lead 31*40 

80-84 



Of all liquid bodies, water has the greatest capacity for heat— 
hence the sea, which covers so large a proportion of the globe, is a 
great magazine of heat, and has a beneficial influence in equalising 
atmospheric temperature. Mercury has a small specific heat, so 
that it is quickly heated or cooled, another property which recom- 
mends it as a liquid for the thermometer, imparting as it does great 
sensibility to the instrument. (Graham.) 

With the increase of temperature, the capacity of bodies for spe- 
cific heat increases. If the specific heat of the allowing substances 
be ascertained while they are at 100% by immersing them into cold 
water, and noticing the increase of temperature, and then by heat- 
ing them up to 300^, and again immersing them in cold water, the 
foUowing differences of specific heat will be observed. Iron with- 
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the first temperature (100*^) has a specific heat of 0*1098, and at 
the second temperature that of 0*1218; mercury, the first is 0*033, 
the second 0*036; zinc, the first is 0*0927, the second 0'1015; an- 
timony, the first is 00507, the second 0*0549 ; silver, the first is 
0*0557, the second 0*0611 ; copper, the first is 0*0949, the second 
0*1013 ; platinum, the first is 0*0335, the second 0*0355 ; glass, the 
fii-st is 0*177, the second 0*190. 

Those metals which, when heated, expand most rapidly, increase 
most in specific heat The relative heat increases in so far as when 
the expansion amounts to j^^, the increased capacity for heat is 
about ^. (Dulong and Petit) 

The greater the atomic weight of any substance, the smaller will 
be the number of atoms of it required to make up^ a given absolute 
weight Since, for example, an atom of hydrogen weighs 1, an 
atom of sulphur 16, and an atom of silver 108, a pound of sulphur 
must contain -j^, and a pound of silver -j-J-g as many atoms as a 
pound of hydrogen. I^ then, the specific heat (capacity for heat 
referred to a given weight) of any substance be multiplied into its 
atomic weight, the product will give the capacity for neat referred 
to a given number of atoms. (Gmelin.) 

The following table will give the results as attained by the ablest 
experimenters : 

Capacity for Heat of the Atoms of Elementary Substances, 



BabfltuMM. 



Oxygen gw ,... 
Hvdrogren gas.. 
Nitrogen gas... 

]>iatnond 

Qraphite 

Gharooal 

Do 

Do 

Phosphorus.... 

Sulphur 

Selenium 

Iodine , . 

Bromine 

Tungsten 

Molybdenum... 

Manganese 

Arsenio 



BpMlfie 
Heat. 


Atemle 
Weight. 


Prodoet. 


0-2881 


8- 


1*8888 


8*2986 


1* 


8*2986 


0*2754 


14- 


8*8556 


0-li69 


6* 


0*8814 


0*2019 


6* 


1*2114 


0*2009 


6* 


1*2054 


0*2415 


6* 


1*4490 


0*2964 


6* 


1*7784 


0*1887 


81*4 


5*9250 


0-2026 


16* 


8*2416 


0*0887 


40* 


8-8480 


0*0541 


126* 


6*8168 


0*1850 


78*4 


10*5840 


0*0864 


96* 


8*4580 


0*0722 


48* 


8*4656 


0*1441 


27*6 


8*9772 


0*0814 


75*2 


61218 



Bobttaaeoi. 

Antimony.. 
Tellurium.. 
Bismuth . . . 

Zinc 

Cadmium . . 

Tin 

Lead 

Iron 

Cobalt 

Nickel 

Copper .... 
Mercury... 

Silver 

Gold 

Platinum . . 
Palladium . 
Iridium.... 



HmU 


AtomlA 
Weight. 


0*0508 


129* 


0*0515 


64- 


0*0808 


108*4 


0*0955 


82*2 


0-0567 


55*8 


0*0562 


59* 


0*0814 


1088 


0-1188 


27-2 


0-1070 


29-6 


0*1086 


29*6 


0*0961 


81-8 


0-0888 


101*4 


00570 


108-1 


0-0824 


199- 


0*0824 


98*7 


0*0598 


58*4 


0*0868 


98-7 



PtoqimI. 

6*5582 
8-2960 
8*2771 
80761 
8*1689 
8*8158 
8*2598 
8*0954 
8*1672 
8*2146 
8-0242 
8*8766 
6-1617 
6-4476 
8*1970 
81666 
8-6822 



The specific heats of bodies vary inversely as their atomic weightSi 
so that the atom of one body, irrespective of its volnme, requires 
the same amount of heat to raise its temperature to a given degree, 
as the atom of another body. In the generality of substances, the 
product of the specific heat into the atomic weight is nearly 3*2. 
JPhosphoms, iodine, arsenic, antimony, silver, and gold exhibit twice 
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as much capacity for heat in the same number of atoms as most 
other substances. The capacity for heat of liquid bromine is three 
times as great as any other sul»tance, but were it solid its capacity 
would be only twice as great Carbon, crystallised, has a capacity 
for heat of one-quarter, that of graphite is one-third, and that of 
charcoal one-half the ordinary amount. 

The specific heat of a compound is diminished by increasing its 
density. Thus peroxide of iron and protoxide of nickel have their 
specific heat diminished by strong ignition. Dimorphism appears 
to exert no great influence on specific heat (Neumann.) The 
specific heat of the following isomeric liquids was determined by 
Kegnault 

Oil of Lemons, 0*48^9 

Oil of Oranges^ 0*4886 

Oil of Janiper, 0-497S 

Petrolene, ^ 0*4684 



Oil of Turpentine, 0*4672 

Terebene, 0-4666 

Terebilene, 0-4580 

Camphileoe, 0*4518 



In the following table, the capacity for heat of compounds is 
compared with the atomic weight, aDd thus the capacity for heat 
of compounds is found. 

Capacity for Heat of the Atoms of Compounds, 



1 

s 

8 



6 
6 



8 

9 

10 

11 

IS 
18 
14 

16 



Co, O.... 
HO. ice.. 

MjrO 

YO 

MnO.... 

ZnO 

PbO 

NiO 

HgO .... 
Mds O4 . . . 

Pb,04... 

Fe,0 

A1,0..... 
Cr,0,.... 
Bi,0,.... 
Fe,0, ... 

SiO, 

TiO, 

8uO, .... 
MnO, ... 

BO. 

WO, .... 
MoO,.... 
AsO,.... 
8b Os . . . . 
8b O4.... 

CaF 

OujCl.... 
Hg.Cl.... 

KCl 

NaQ.... 



BMeifla 
HmmU 



0-1178 
0-7200 
0-2489 
0-1847 
0-1670 
0-1820 
0-06O9 
0*1588 
0-0618 
0'1651 
0*0611 
0-1641 
0-2178 
0-1796 
0-0605 
01669 
0-1918 
0-1708 
0-0988 
0-1910 
0-2874 
0-0798 
0*1824 
0*127y 
0-0901 
0*0968 
0-2082 
0-1888 
0-0520 
0-1729 
0*2140 



Atomle 



71-6 
9 

20-7 
40-2 
85-6 
40-2 

111-8 
87-6 

109-4 

114-8 

848-4 

118*6 
61-4 
80-2 

286-8 
78-4 
80-8 
40-5 
76 
48-6 
84-8 

119 
72 

115-2 

158 

161 
89-2 
99 

288*2 
74*6 
58*6 



Piodwt. 



No. 



7-688 

6-480 

5-049 

6-415 

5-589 

5-806 

5*691 

5*962 

6-667 

l8'9o2 

20-982 

19-062 

11-169 

14-404 

14*8-26 

18-085 

5-892 

6-897 

6-997 

8-828 

8-261 

9-496 

9*588 

14-784 

18-786 

15-848 

8-164 

18-692 

12 886 

12-898 

12*640 



16 



17 
18 
19 



20 
21 

22 



28 

24 
25 



BabitaDQ*. 


SMcifle 
Heau 


Atemie 

41-8 

148-5 

104 

79-4 

55-9 

48-1 

68 

67-6 

94-4 

189-2 

1 86*8 

95-8 

129-8 

187-6 

181-4 

117-6 

101-6 

186 6 

182-2 

189-6 

828-8 

166-2 

149-2 

2'4l 

22«-8 

227-4 

79 6 

48-2 

76 

119-8 

46-2 


LCI 


0'2650 
0-0911 
0*0896 
0-1199 
01642 
01946 
0-1425 
0*1862 
0*1016 
0-0664 
0*0689 
0*1914 
01476 
0*2092 
0-1760 
0*1182 
0*1884 
0-0789 
0*0588 
0-0687 
0*0395 
0-0819 
0-0868 
0-061B 
0-0427 
0-0420 
0-1212 
0-1280 
0-0886 
0-0509 
0*1867 


AgCl 

BaCl 


SrCl 


CaCl 


MgCl 

MnCl 

ZnCI 


SnCl 


PbCl 

HgCl 

TiCl, 

SnCl, 

PCli 


As CI, 

KBr 


NaBr 

AgBr 

PkBr 

Ca,I 


iJ¥'.:::::::: 


Nal 


Aff I 


pbi.:.;::::; 


Hg^I 


Ca,8 

ZnS 


8nS 


pbS 


FeS 



11"0T7 

18-078 

9*818 

9*580 

9-179 

6-860 

8-^77 

9*907 

9-591 

9-24S 

9-425 

18*a40 

19-158 

28*786 

81-926 

18*618 

14-061 

18-788 

9-ni 

18-025 

12-987 

18*560 

12-960 

14-420 

9-818 

9*661 

9'64r 

5-989 

6-270 

6-088 

6-66» 



8 
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K«. 



26 
27 
28 
29 

80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 

41 



42 
48 



Co8 

NiS 

HgS 

AgS 

BUS, 

C8« 

MoSs 

SnS, 

FeS, 

A^ o% t •••••• 

AbS 

8b 8, 

Co As 

SnBi 

SnsH 

PbjSb 

PbSn 

PbSn, 

KO.CO, .... 
NaO,COi.... 

BaO, COs 

8rO,CO« .... 
CaOjCO,.... 
JAgOjCOi ... 

PbOjCO 

FeO.COi.... 
2MgO,8iO«.. 
2ZrO,SiOa ... 
KO,BO, 



Spedflo 
Bm*. 



0-1251 
0-1281 
0-0480 
0-0746 
0-0600 
0-8290 
0-1288 
0-1198 
0-1801 
01111 
0-1182 
0-0907 
0-0920 
0-0400 
0-0450 
0-0888 
0-0407 
0-0451 
0.2162 
0-2727 
0-1104 
0-1448 
0-2086 
0-2220 
0-0814 
0-1984 
0-2056 
0-1466 
0-2049 



Atonk 
w'ghl 



45-G 
45-6 
117-4 
124-4 
260-8 
88 
80 
91 
69-2 
107-2 
128-2 
177 
92 

165-4 

224-4 

886*6 

162-8 

221*8 

69*2 

68-2 

98*6 

74 

50-5 

42-7 

188*8 

67*2 

72.2 

91-6 

82 



6-704 

6-841 

6*017 

9-258 

15-648 

12-502 

9-864 

10-856 

7-702 

11-910 

18.946 

16-054 

9-642 

6-616 

10-098 

18-060 

6-626 

10-008 

14-961 

11-508 

10-885 

10-715 

10-584 

9-479 

10-891 

11-062 

14.844 

18-887 

16-802 



No. 



44 
45 

46 
47 
48 
49 
50 

51 



62 
68 

54 
55 

56 
57 



58 
69 



NaOjBOi ... 
PbO, B0».... 
K0.2B0, ... 
NaO,2BOs... 
PbO,2BO,... 
KO,CrO,.... 
KO,2CrOi... 

HO,SO, 

KO.SO, 

NaO,SOs.... 
BaO,80s.... 

SrO,80s 

CaO,8 0t .... 
MgO,80».... 
Pb 0, 8 O, . . . 
8PbO,P05 .. 
2K 0, P 0. . . . 
2Na0,PO5... 
2PbO,PO.... 
CaO,PO»...- 
8Pb O. As 0» . 
K 0, As 0» . . . 
K0,C10..... 
KO.NO,.... 
NaO,NO.... 
AgO,NO,... 
Ba 0, N 0» . . . 
SrO, NO*.... 
CaO,S0„2HO 



Bpecifle 
Htau 



▲cauM 



0-2571 
0-0905 
0'2197 
0-2882 
0-1141 
0-1850 
0-1894 
0*8490 
0-1901 
0-2811 
0-1128 
0-1428 
0*1854 
0*2216 
0*0848 
0*0798 
0-1910 
0-2268 
0*0821 
0-1992 
0-0728 
0-1568 
0*2096 
0-2887 
0-2782 
0-1485 
0*1528 
0-1683 
0*2728 



66 

146-6 
116*8 
100-8 
181-4 

99-8 
151*4 

49 

87*2 

71*2 
116*6 

92 

68-5 

60-7 
151-8 
406*8 
165-8 
188-6 
295 

99*9 
450-6 
162-4 
122-6 
101-2 

85-2 
170-1 
180-6 
106 

86*5 



16*969 
18-267 
26*661 
24*010 
20*698 
18*870 
28*875 
17-101 
16-576 
16-454 
18*158 
18*188 
12-700 
18-461 
12-878 
82-468 
81*668 
80*646 
24-219 
19*900 
82-804 
25-888 
25*697 
24-156 
28-708 
24-109 
19890 
17.840 
28*597 



The simple atoms by which a compound atom is formed, retain 
therein the same capacity for heat that they possess when separate ; 
and consequently the heat capacity of a compound atom is the sum 
of the heat capacities of those atoms whicn compose it. We can 
only reconcile some instances, as those of carbon and oxygen, by 
supposing that their heat capacities vary by simple multiples, accord- 
ing to the compound in which they exist. Exact agreement is not 
to be expected, since — as is shown by the great diffarenoes between 
the results obtained by diiSerent observers — it is only in the case of 
a few substances that the specific heat has been exactly determined ; 
and moreover, the specific heat of the same body varies according 
to circumstances. The capacity of bodies for heat may be attribu- 
ted to their adhesion to that element^ and this adhesion in the 
atoms of most bodies may be supposed to be of the same strength, 
80 that these atoms when immersed in a uniform medium of heat 
and exposed to the same temperature, will absorb equal quantitiea 
of heat. Since the heat which is attached to bodies by adhesion 
and expands them has lost absolutely nothing of its elasticity, and 
leaves the bodies as soon as the temperature of any neighboring 
body becomes lower, even in the sligntest degree, the heat thus 
retaltaed in bodies is called Free, XTncombined, or Sensible Heat 
(Qmelin.) 
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Hbat cff TTS Chsmioal Relations; ob thb Chxmistbt or Hkat. 

All fluids, whether liquid or gaseous, are regarded by chemists 
as matter in combination with heat If heat were abstracted lirom 
substances they would exist as solids. When heat has been added 
to solid substances they pass into the fluid or gaseous state. In 
this change, part of the heat becomes insensible, which is manifest 
to the feelings, and is indicated by the thermometer. This heat 
then exists in the substance in a state of chemical combination, by 
which it loses it$ characteristic quality of elasticity. When these 
bodies assume their condensed state, this heat is released, and 
assumes its sensible state, which is indicated by the thermometer. 
This combined or chemical heat is termed Jxitenl or ComMned 
heat) and Jleat of Fluidity, We must not suppose that solid 
bodies contain no latent heat, for it is not only highly probable 
that such is the case, but late investigations seem to prove it. 

Thb Foruatioh of Liquids. 

Heat has the property of presenting matter to us in three dissimi- 
lar conditions, namely, solid, liquid, and gaseous. The state of a 
body depends upon the temperature in which it is placed. In the 
lowest temperatures nearly all are solid, an increase of heat con- 
verts them into liquids, and if the process continues, they are 
changed into gases. The particular temperature at which bodies 
undergo these changes varies, some altering their condition at a 
low, while others require a high heat. The melting-point is very 
different in different substances, but of each individual body it la 
perfectly constant, for as long as any of the substance remains to be 
lused, it renders latent the heat that may be in excess, and it is not 
until the fusion is completed, that the thermometer gives indication 
of increasing temperature. If a substance has a great affinity for 
heat, it soon fixes it, even when diffused through the medium in 
small quantity ; if the affinity is slight the quantity of heat sur- 
rounding the body must be greater in order tnat its expansive ten- 
dency may be overcome. Mercury fuses at — 40**, ice at 82**, 
sulphur at -(-228** ; many metals fuse below a red heat, others only 
at the highest attainable temperatures, while some- substances, as 
carbon, resist the most intense heat the chemist has produced. 

Some bodies in passing from the solid to the liquid condition 
assume an intermediate one, in which the particles adnere together, 
as is the case with tallow, wax, and several other substances. The 
ffreat majority of bodies, however, have no such intermediate con- 
oition, but pass directly from the solid into the liquid. If we dimin- 
ish the quantity of heat in the surrounding medium, the liquid body 
first gives up its uncombined heat, and then, if the process be carried 
still farther until we reduce the temperature below the freezing- 
pointy the tendency of the heat to diffuse itself, overcomes its aflin- 
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ity for the body, and the liquid is changed into a solid conditioiL 
The freezing-point, or the temperature at which a body solidifies, 
generally coincides with the melting-point ; for when heat is applied 
to a solid body its temperature does not rise above the melting- 
point until the quantity of heat required to melt it has been 
absorbed and rendered latent, so when a substance is cooled, it 
does not generally pass below the melting-point before solidifica- 
tion takes place, for the same amount of heat that was absorbed in 
order to convert the solid into a liquid, must be changed into sen- 
sible heat and given out before the liquid can again assume the 
solid condition. Nevertheless, under certain circumstances liquids 
can be cooled several degrees below their usual freezing-point before 
solidifying. K we take due precautions, we may expose a small 
quantity of water as 5^ or 8^ below the freezing-point, without pro- 
Qucing congelation. In making the experiment great care must l^ 
taken that the water be cooled without the slightest agitation, and 
that no angular body be in contact with it, for the moment agita- 
tion is produced congelation commences, and the temperature raises 
to 32°. Although we may thus. cool a substance several degrees 
below its freezing-point without producing congelation, we cannot 
heat a solid the smallest part of a degree above its melting-point 
without producing liquefaction. 

Dr. Black was the first to call the attention of chemists to the 
remarkable fact of the disappearance of a large quantity of heat 
during liquefaction. Prior to his time, fluidity was considered as 
produced by a very small addition of heat to that contained in a 
body heated up to the melting-point If this were so, there would 
be a speedy passage of ice into water as soon as the melting process 
commenced. If we expose a mass of ice in a warm room, and watch 
the phenomena, we will find warm currents of air blowing upon it, 
while a cool current is descending from it ; the warm currents sur- 
render a portion of their heat, and becoming cooler and denser sink, 
and the mass of ice is slowly converted into water, in which if we 
place the thermometer we find the same degree of heat indicated as 
if applied to the ice itself. The same phenomena are exhibited when 
we melt ice by means of warm water. If we take a pound of water 
at 32°, and mix it with another pound having the temperature of 172**, 
we will have two pounds of water indicating a temperature of 102**. 
But if we take a pound of ice at 32°, and mix it with a pound of 
water at 172°, the ice is melted, and we have two pounds of water 
having a temperature of 32°. Consequently 140** of heat have been 
absorbed and entered into a state of chemical combination in order 
to convert the pound of ice into water. Tlie heat that has disappeared 
has not been destroyed, but remains latent in the water, to be a^n 
given out, when it freezes. A disappearance of heat always ensues when 
solid bodies are converted into fluids, but an evolution of heat, on the 
contrary, when liquids' are changed into solids. Even solid bodies are 
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probably affected by an increase or diminution of latent heat, and 
metals may owe their malleability and ductility to the quantity of heat 
they have rendered latent. When iron is hammered, heat is disen- 
gaged and the metal becomes brittle. But if we again place it in 
the furnace and subject it to heat, its malleabihty is restored. 
When a solid is liquefied without the application of artificial heat, 
it alfitractB from surroundinff bodies the necessary heat, and cold is 
generally produced. Thus tno dissolving of salts in liquids causes a 
reduction of temperature. It is upon this principle that freezing 
mixtures are produced. The salt has an affinity for water, and be- 
comes fluid, a transformation that implies the rendering of heat 
latent. If we take a mixture composed of five parts of muriate of 
ammonia, and five of nitrate of potash, and dissolve them in sixteen 
parts of water, we may reduce the temperature from +50*^ to 10**, 
a reduction of 40**. We may vary the experiment by taking five 
parts of powdered sulphate of soda and eight of undiluted muriatic 
add, in which case the temperature may smk from 50^ to 0°. The 
vessel in which the experiment is made becomes covered with hoar- 
frost from the condensation of the vapor in the surrounding air, and 
if we immerse, during the process, a glass tube containing water, it 
is speedily frozen. Snow or ice, and salt, mixed together liquefy, 
and produce cold, and it is by a mixture of this kind that confec- 
tioners prepare their ices. By an admixture with salt, the freezing- 
point of water is lowered : if we mix one part of salt with four of 
water, we may lower the temperature to as low as 4° before prc>- 
ducing congelation — a provision of Nature that keeps our bays 
and salt-water iolets navigable in winter, when our lakes and rivers 
arc frozen up. If we wish to produce more intense cold than can 
be obtained by the admixture of salts and liquids, we resort to the 
evaporation of highly volatile liquids. 

Vaporibation. 

All ponderable substances have an affinity for heat. When they 
combine with it they form elastic fluids or gases ; therefore every 
gas is a combination of heat with a ponderable substance. The 
affinity of bodies for heat is various. Gases have the grecitest affin- 
ity, and solid bodies the least, while fluids stand intermediate in 
that respect Those bodies which have the greatest affinity for 
heat are, therefore, termed volatile^ while those which have the 
least affinity are said to be fixed — corpora volatilia and corpora fixa. 
The stronger the affinity of the body for heat, the greater is the dif- 
ficulty of depriving the body of its aeriform condition by pressure 
and cooling. The gas is therefore said to be permanent, such as 
oxygen, for instance, which has never been reduced to the liquid 
form. But those substances which are said to be non-permanent 
are designated Vapors. Their affinity for heat is so weak, that the 
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mere contact witli a body cooler than themselyes reduces tbem to m 
fluid Then there is another class of sabstances which occupy an 
intermediate position to those mentioned, such as carbonic acid gas, 
which by strong pressure and cooling is reduced to the fluid state, 
and by still greater c^ing, such as mat produced by its own evap- 
oration, it assumes the sohd state. 

The elasticity or tension of a gas or vapor implies the amount of 
heat which that gas or vapor contains ; but in the same gas, and at 
the same temperature, the tension varies according to the density 
of the gas, the expansive force being in the direct ratio to that 
density. 

Vapors contain much more heat than the fluids from which they 
are derived, while they occupy much more space. A cubic inch of 
water when expanded into steam occupies about a cubic foot. If it 
require a certain time to convert water from 32^ F. up to 212^ F., 
it will require a continuance of the same heat for five hours longer, 
to convert that water into vapor. But however violently the water 
be boiled, it does not rise to a higher degree of temperature than 
212°, the additions of heat appli^ to it being consumed in con- 
verting the water into vapor. 

If a thermometer is placed in this steam, it will indicate no higher 
temperature than 212 . What then has become of the heat which 
has been imparted to the water, for neither the steam nor the water 
indicates its presence ? From the investigations of Dr. Black, Mr. 
Watt, and Lavoisier, it appears that as much heat disappears as is 
capable of raising the temperature of that portion of water which is 
converted into steam 1000 degrees, or it would raise 1000 times as 
much water by one degree. Dr. Black gives the latent heat of 
water at 960 degrees, Mr. Watt 940 degrees, and Lavoisier rather 
over 1000 degrees, and Gmelin 990 degrees. 

Liquids are converted into vapor much more easily when in con- 
tact with rough and angular surfiioes, than with those which are 
smooth. In glass vessels water boils at a temperature of two de- 
crees higher than in metallic ones. If, therefore, a piece of iron be 
dropped into the water which has just begun to boil in a glass ves- 
sel, it immediately ceases to boil. But this only takes place when 
a permanent gas comes into play, because the mixture of watery 
yapor and gas sustains the pressure of the atmosphere at a temper- 
ature below 212*^ F. Pure boiled water evolves no bubbles of vapor 
on the introduction of platinum wire, although it boils up. 

Many bodies cause an accumulation of heat in water, by which its 
temperature is raised much higher than the boiling-point. When 
this is attained, the water is apt to burst suddenly into vapor, when 
the temperature falls down to the boiling-point This intermittent 
ebullition takes place when the water contains sulphate of potash 
in greater quantity than the water is enabled to dissolve. Also in 
sulphuric acid that contains a small quantity of sulphate of lead, 
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and in nitric acid containiQg cmtab of nitrate of nlrer. The 

Sreeence of fixed oil raiaee the hoiling-point of water bj several 
^rrees, A Btratum of volatile oil upon the surface of the water 
taisea the temperature 10° above the boiling-point. The presence 
of metal filings, or clippings, prevents irregular ebullition, as the 
metallic points fiscilitate the formation of bubbles, bu.t platinum is not 
80 efficaciooa as iron or zinc, or those metals which decompose 
water. 

If a volatile liquid be dropped on a plate of iron heated a little 
below redness, the liquid does not adhere to the iron, but accumu- 
lating in a globule, it runs over the iron with but little evaporation. 
The liquid does not become heated to its boiling-point, although 
vapor escapes from it» this vapor being evolved between the heated 
surface of the liquid and the plate. K the temperature of the plate 
is lowered to a certain degree, the liquid loses its spheroidal condi- 
tion, and adheres to the plate, when it is evolved with great rapidity 
into vapor. The heated surface may be either platinum, silver, 
copper, iron, and other metals, or glass or porcelain, but the lower 
its conducting power the more strongly must it be heated. The 
liquid may h^ either sulphurous acid, ether, alcohol, water, and 
even sulphuric acid and mercury, but the higher the boiling-point 
of the liquid, the higher must the metal be heated. The cause of 
the phenomena manifested by liquids in the spheroidal state, is 
attributed to a layer of vapor between the liquia and the plate, by 
which they do not come in contact, and thus the transmission of 
heat by conduction is retarded. 

Pro£ Faraday has frozen mercury in a red-hot crucible of plati- 
num, by putting ether into the crucible, and then solid carbonic 
acid, and when the whole is in the spheroidal condition, dipping 
into it a metallic spoon containing between 400 and 500 grains of 
mercury. The film of vapor which intervenes between the red-hot 
cnicible and the liquid, prevents the communication of heat from 
the crucible to the mercury. Water has been frozen in the same 
manner in a red-hot platinum crucible by the agency of liquid sulr 
phurous acid. 

Water passes into the spheroidal state at any temperature above 
840^ F., but when it falls to 288^ F. the water spreads upon the 
sorface of the metal, and is quickly evolved into steam. Alcohol 
passes into the spheroidal state at 273° F., and ether at 142° F. 

The temperature at which liquids boil is not fixed, like that of 
solids, but depends upon the degree of pressure to which that liquid 
is subject. In ordinary cases of boiling, the liquid is subject to the 
pressure of the atmosphere, which although 815 times lighter than 
water exerts a pressure upon the surface of the fluid of about fifteen 
pounds upon the square inch. 

If a glass tube of sufiicient length, closed at one end, be filled 
irith mercnry, and inverted in that liquid, the pressure of the air 
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will sustain that column of mercury to the height of 0'76 metres, 
or 29 92 inches. This is termed the atmospheric pressure. The space 
above the mercury is called the Torricellian vacuum. The column 
of mercury does not^ however, remain stationary, but is almost con- 
stantly falling or rising, not through the expansion of the mercury 
through heat, as is the case with the thermometer tube, but 
through the varying pressure of the atmosphere, which yaries 
within the limits of one^tenth of the whole pressure, and thus 
affectfl the boiling-point of water so much as 4 J degrees. When 
the height of the mercurial column is indicated by the Bumber in 
the first column of the following table, then the boiling-point of 
water is expressed by the numbers in the second column : 

I&ohM of Mereniy. Water bolla. 

27-74 208" F. " 

28-29 209 

28-84 210 

29-41 211 

29-92 212 

80-6 218 

Water, therefore, only boils at 212° F^ when the barometer stands 
at 29-92 inches. If we ascend a mountain, and thus lessen the 
height of the column of air, the pressure becomes less, and t&e 
boiling-point of water is lowered. On the top of Mont Biano wa- 
ter boils at 184° F.; but if we descend into the interior of the 
earth, the boiling-point is raised. An instrument has been con- 
structed by which the height of mountains can be ascertained with 
great precision, by means of the boiling-point of water. A differ- 
ence of one degree of temperature indicates an elevation of about 
560 feet If the pressure of liquids is reduced by the air-pump, 
liquids boil at considerably lower temperatures. If the exhaustion 
of air be thorough, liquids boil at a temperature 145° lower than 
their boiling-point in the air. Water will boil at 67°, when de- 
prived of atmospheric pressure. If a flask containing boiling water 
be closed with a cork, the water soon ceases to boil in consequence 
of the pressure of the steam above the water ; but if the flask be 
plunged in cold water, the boiling is renewed. This is occasioned 
by the condensation of the steam in the upper paH of the flask, by 
which the pressure is removed, and the water thereby is allowed 
to boil at a much lower temperature. If, on the contrary, the flask 
be plunged into hot water, the boiling is instantly checked, for then 
the steam, not coming in contact with a cold surface, and thereby 
becoming condensed, accumulates, and by its pressure retards the 
ebullition. In a PapirCs Digester^ which confines the steam, and 
thus causes a great pressure upon the water, that fluid does not boil 
when heated up to 400°. 

Liquids which are injured by the application of heat so high as 212% 
are now boiled in a vacuum. If the air and steam is passed off the 
surface of the heated liquid, it may be boiled at a temperature of 160% 
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Vegetable infusions are now reduced to an extract by the same 
means, and thus those more volatile portions which would be dis- 
sipated at a heat of 212^, are retained unimpaired in the extract 

The temperatures at which different liquids begin to boil is vari- 
ous ; but ccBteris paribus^ the boiling temperature tor each particular 
liquid is constant The boiling-point of the following liquids baa 
been determined with great accuracy : 

BoillDg-Pofnt 

Hydrochloric Ether 62° F. 

Ether 96° 

Sulphide of Carbon 118° 

Ammonia (sp. gr. 0'946) 140° 

Alcohol 178° 

Water 212° 

Nitric Acid*(»p gr.'l-42) ..*.*.. .....".'..'.*.'. '"'248° 

Crys. Chloride Calcium 802** 

Oil of TarpeatJne 814° 

Naphtlia 820° 

Phosphorus 654° 

Sulphuric Acid (sp. gr. 1 -848) 620° 

Whale Oil 630° 

Mercury 662° 

Water which, when pure, boils at 212°, exhibits a much higher 
boiling-point when there is added to it salts, or sulphuric acid, 
phosphoric acid, and other less volatile substances. Water satu- 
rated with common salt (100 water to 30 salt) boils at 224° ; if 
saturated with nitrate of potash (100 water to 74 of the salt) boils 
at 238^ ; but if saturated, when cold, with chloride of calcium, it 
rises to 264° before it boils. The boiling-point of alcohol is raised 
by mixing it with water, and that of ether by the addition of al- 
cohol. In like manner, permanent gases combined with water and 
other liquids, require an elevation of temperature, or a diminution 
of pressure, to make them escape. The escape of the gas appears 
to take place in the vicinity of hard or angular surfaces, and never 
from the interior of the liquid, as if the contact of a solid body 
were necessary to the elimination of the gas. 

When steam is confined, it increases in temperature, and acquires 
great force. If the steam of boiling water condense upon the 
skill it causes scalding ; but if the steam is subject to great pressure, 
and allowed to issue from an orifice upon the hand, it does not scald 
it ; in fact, the temperature is below that of boiling water ; for the 
sudden expansion of the confined vapor abstracts sufficient heat 
from the other portion to reduce its temperature down to 120°. 
The air which becomes mixed with the steam prevents it from col* 
lapsing, as it is then converted into low-pressure steam. 

When steam is heated by itself, it is not capable of expanding 
more than any other aeriform body ; for it may be heated until the 
ressel which contains it is red-hot, without exerting any great 
elastic force ; but if water be present, then fresh quantities of steam 
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Tenip«nitiir«. 

..au** F. 



taking AtouMpherlo 
Praesoni as Unity. 



Tempentare^ 



18 886-66**F. 

14 886-94 

16 892-46 

16 898-48 

17 405i-8a 

18 4(J8-9i 

19 418-78 

20 418-46 

21 422-96 

22 427*28 

28 481*42 

24 486-56 

26 48984 

80 467-16 

86 472-78 

40 486*69 

46 499-14 

60 610-60 



are added to that already accumulated, and which add their force 
to the other, until the pressure becomes almost irresistible. The 
following table gives the pressure of steam up to 50 atmospheres, 
and is the most oorrect aud reliable series of experiments upon this 
subject which we have. It is the result of the labors of a com- 
mission of the French Academy, consisting of MM. Dulongand A^rago : 

Elasticity of Steam, _ ElasUeltf of Steam, 

taking Attuospherio 
Fnaftora as Unity. 

1 

H 288.96 

2 260-62 

2i 268-84 

8 27618 

8^ 285-08 

4 298-72 

4i 8fK)'28 

6 807-6 

6i 814-24 

6 820-86 

di 826*26 

7 881*20 

7i 886-60 

8 841-78 

9 860*78 

10 868-28 

11 866*86 

12 874*00 

The Absorption of Heat. — In the formation of gases and vaport 
as in liquefaction, the heat which enters into these substances be- 
comes latent, or is insensible to the feelings and the thermometer. 
The same substance, whether it vaporises slowly or quickly, absorbs 
the same amount of heat. Solid carbonic acid produces, in vacuo, 
when the temperature of the apartment is at 30° C., a cold —933° C. 
If fiolid carbonic acid is mixed to a paste with alcohol, it produces 
a cold of —92°, and with ether, —99^. The sulphide of carbon 
placed on a rag which is wrapped around a thermometer, lowers it 
m vacuo from +16° to —72°. Liquid sulphurous acid produces 
in vacuo a temperature of —61°. A quantity of mercury placed 
in vacuo, with an equal weight of liquid sulphurous acid, is frozen 
in five minutes. Water placed in vacuo, in the presence of strong 
sulphuric acid to absorb the vapor as it forms, is quickly frozen. 
If a thermometer is surrounded with cotton moistened with various 
liquids in vacuo, the temp>erature is indicated as —41*25° with wa- 
ter; with sulphuric ether, —51°; with alcohol, 37*5^; with nitric 
ether, 31*25°; and with hydrochloric ether, -30^ Graham, in 
the same manner, obtained with water a temperature of —14°, and 
with alcohol — or with three parts of alcohol with one of water — 
a temperature of —31°. 

WolUuton^s CryophorouB is a glass tube with a bulb blown on 
each end of it This tube and bulbs are exhausted of air and con* 
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tain a small portion of water. If while this water is in one of tlie 
bulbs, the other which is empty be immersed in a freezing mixtnre, 
the water in the other bulb is frozen. This is occasioned by the 
rapid evaporation of the water in the bulb, while the vapor is con- 
densed in the other or cooled bnlb. 

When liquid carbonic acid is allowed to issue from a small orifice 
from the vessel in which it is confined, and the vaporising acid be 
caught in a hollow vessel, the latter soon becomes coated with solid 
carbonic acid in the form of frost or snow, the temperature in the 
mean time sinking to — 100^ If the liquid carbonic acid is confined 
in a tube with a stop-cock, when the acid is passing out, that within 
the tube manifests a violent motion, and about one-eighth of the 
acid is soon frozen into a porous mass. The temperature also falls 
to —66^ 

The Pstfchrometer of Auguste, is for the purpose of determining 
the hjgrometric state of the air. Two small thermometers are 
placed near each other, while one of them is covered with wet mu»* 
lin. Its temperature becomes lower than the one containing nothing 
upon its bulb, in proportion as the air is dryer, or as the evaporation 
progresses more rapidly. The difference in the temperature of the 
two thermometers beiug multiplied by 2, and the product subtracted 
from the temperature denoted oy the bare bulb, the remainder indi« 
cates the temperature at which the aqueous vapor in the air will 
oondense. 

K the bulb of a thin glass tube be covered with cotton wet with 
ether, and a strong current of air be thrown upon it^ the water with- 
in the bulb will soon be frozen. Or if the bulb be inclosed in cotton 
soaked with liquid sulphurous acid, and a stream of air be thrown upon 
it, mercuiy wiuiin that bulb will be quickly frozen. The temperature 
in this instance falls to — 36°. Or, if half an ounce of mercury be placed 
in a shallow dish, such as a watch-glass, and liquid sulphurous acid be 
poured upon it, the mercury is soon frozen if a stream of air from a 
pair of bellows be directed upon it 

Solid carbonic acid, when air is blown npon it, produces cold 
amounting to — 72*2^. If it is mixed with ether, the cold pro- 
duced is 76*7^. If mercury be placed in solid carbonic acid in the 
air, it quickly freezes, and still more quickly, or instantly, if ether 
is mixed with the acid. 

The addition of heat to a boiling fluid does not raise its tempera- 
ture any higher, for the heat which is added is only expended in 
the formation of vapor by which it becomes latent. The vapor re* 
mains at the temperature of the boiling body, provided no more 
heat be subseauently added to it This subject of the causes of the 
variations in tne temperature of a body heated to the boiling-point, 
has already been adverted to. 

Sublimation and Distillation depend upon the conversion of a 
body into vapor, and which is afterwards condensed into a fluid or 
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solid. In these cases a substance which is easily volatilised is 
separated from one which is less volatile, the latter ^^enerally re- 
maining behind as the rcsidae, called by the old chemists the 
Caput Martuum, or if liquid, the PhJegma. If the vapor con- 
denses into a solid, then the operation is designated Sublimation ; 
if liquid, Distiliaiion is the term applied to it The product in the 
former case is called the sublimate^ in the latter the distillate. 
When the distillate is subject to a second distillation, it is said to 
be Bectified. Cokobati(mjxxeaxi&, that the distilled product has been 
returned to the alembic or retort, and having been poured upon 
what remains behind, or on fresh material, is re-distilled. 

When a substance has a stronger affinity for a gas than has the 
heat it contains, then a combination of the two substances takes 
place, and the latent heat of the gas, or gases (if both be gaseous 
bodies), is liberated, and is rendered sensible, pronded, however, that 
the newly formed compound is not itself a gas. This is illustrated by 
the condensation of oxygen and hydrogen gases by combination 
into a fluid. The combination of oxygen with the following sub- 
stances, also illustrates it, viz., boron, phosphorus, selenium, 
iodine, and metals. Also of acid gases by animouiacal gas and by 
many other salifiable bases ; also of all gases by water, alcohol, and 
other liquids ; of aqueous vapor by acids, salifiable bases, salts, and 
other bodies ; of alcohol and ether vapors by water, sulphuric acid, 
fat oil, camphor, &c. 

When steam at 212^ comes in contact with citric acid, or with 
pulverised salts, hydrate of potash, or with sugar, part of the water 
IS absorbed and they are dissolved, the tempert^ture of the solution 
being several degrees above 212°, or is about that at which the 
aqueous solutions of these substances boil. Alcohol vapor, at a tem- 
perature of 83*3°, raises that of chloride of calcium to 99°. (Faraday.) 

According to Pouillet, the degrees of incandescence stand as fol- 
lows: Incipient redness is 525°. Dull redness, 700°. Cheriy red- 
ness at the commencement, 800° ; still brighter, at 900° ; and full 
redness at 1100°. Dark yellowish red, at 1200°. Bright ignition, 
at 1300°. White heat, at 1400°. Strong white heat at 1500°, and 
dazzling white heat at 1600°. 

The following tables exhibit the melting-point of a number of 
substances as indicated by the thermometers of Fahrenheit and the 
Centigrade, and the pyrometers of Wedgewood and Daniell : 
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Carbonic acid, 
Ether, - - - 
Mercury, - • 
Oil of vitriol. 
Bromine, - • 
Pmssic acid, - 
Water, - - 



Oent 


Fah. 


-66** 


—86** 


—44 


—47-2 


—40-5 


—40-9 


—26 


—13 


—20 


— 4 


—16 


+ 6 





-f82 



Phoephorus, 
PotaMUum, 
Wax, - - 
Sodium, - 
lodioe, 
Sulphur, - 
Camphor, - 



Cent 

. 46** 
-h 58 



+ 

+ 



67 
90 



+107 
-flU9 
+ 176 



Ftib. 
+ 113* 
+ 186-4 
+ 162 6 
+ 194 
4-2246 
-j-2282 
+847 
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Disengagement and Aheorption of Heat — ^The most striking 
iDBtances of the developement of heat is furnished by oxygen during 
its combination \vith other bodies. The substance which eliminate 
heat after oxygen in combining with other bodies is chlorine ; then 
fellow bromine and iodine, and then selenium, sulphur, and pho»- 
phoms. The combination of strong acids with strong salifiable 
baseS) and that of strong acids and strong bases with water, produce 
considerable heat. In all these cases, the bodies must have a strong 
afBnity for each other, and are decidedly opposite in chemical 
nature. 

The heat produced during the combination of oxyffen with other 
bodies, is not satis&ctorily accounted for. Gmelin thinks that the 
heat evolved may be a kind of heat different from heat of fluidity, 
producing no particular state of aggregation, but existing in a state 
of more intimate chemical combination with the ponderable matter, 
and set free when one ponderable substance combines with another. 
Or else, that the heat is formed at the moment of combination, by 
the union of the positive electricity of the one body with the nega- 
tive electricity of the other. 

Cold 18 produced principally when bodies combine chemically and 
pass into the liquid state. These combinations possess feeble afSni- 
ties, the quantity of heat developed being not sufficient to produce 
liquidity, in which case heat is absorbed and rendered latent for 
that purpose. 

These combinations are therefore termed Freezing Mixtures^ and 
are produced by the solution of various salts in water and dilnte 
acids, and bv mixing these salts, and certain acids, or crystallised 
potash, or alcohol, with ice or snow. Those salts which contain 
water of crystallisation should not be deprived of it, for upon being 
mixed with water they will in that case produce heat instead of cold. 
The substances should be finely powdered, and mixed quickly, in 
large quantity, to produce the full effect, while the vessel in which 
the mixture is made should be a poor conductor of heat. When 
the greatest degree of cold is to be produced, the materials should 
previously be cooled, and then mixed. One part of water and one 
part of nitrate of ammonia lowers the temperature from +10^ to 

— 1 0°. Equal parts of sal ammoniac and nitre lowers the temperature 
fi'om +10° to —12°. One part nitrate ammonia and one part 
carbonate soda from 10° to —14°. With three parts of sal ammo- 
niac, one part of nitre, and six parts chloride calcium fi'om -(- 25° to 

— 6°. Three parts sal ammoniac, five of nitre, and eight parts of 
Glauber's salt from -|- 10° to —16°. 

When one part of a salt is dissolved in four parts of water, the 
&11 of temperature is as follows: sal ammoniac, 15'19°; nitrate 
ammonia, 14° ; sulphate of potash, 2*9° ; chloride potassium, 11*81° ; 
nitre, 10*6° ; Glauber's sdlt, 8-1° ; common salt, 2*1° ; nitrate of 
soda, 9*46° ; chloride of barium, 4'6*'; nitrate of baryta, 21° ; aul- 
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pbate of magnesia, 4*5° ; sulphate of zino, 3*1° ; nitrate of lead, 
1*9° ; sulphate of copper, 2*27°. If one part of a salt be dissolved 
in four parts of a saturated solution of another salt, the following 
degrees of cold are produced : sal ammoniac in solution of common 
salt, 8*4 ; in solution of nitre, 12-6° ; nitre in solution of sal ammo- 
niac, 9*75° : in solution of common salt, 9*4° ; of nitrate of soda, 
7*06° ; of nitrate of baryta, 9*76° ; of nitrate of lead, 9*5° ; Glau- 
ber's aalt in solution of common salt, 4*75° ; common salt in solu- 
tion of sulphate of copper, 4*1° ; nitrate of soda in solution of sal 
ammoniac, 9*1° ; of nitre, 9*2° ; of common salt, 7*81° ; of chloride 
of barium, 2*75° ; of nitrate of lead, 8° ; nitrate of baryta in solu- 
tion of nitre, 0*75° ; sulphate of zinc in solution of sulphate of pot- 
ash, 1*75° ; sulphate of copper in solution of common salt, 4*9°. 
The following salts, on the contrary, produce rise of temperature : 
common salt in solution of sal ammoniac, 4*56° ; in solution of 
Glauber's salt, 1-76° ; of nitre, 0*75° ; of nitrate of soda, 3-8° ; 
chloride of barium in solution of nitrate of soda, 0*64°. Three 
parts of crystallised neutral carbonate of soda dissolved in ten 
parts of water produce a lowering of temperature amounting to 
8*9° ; whilst three parts of the same salt in the anhydrous state, 
dissolved in ten parts of water, cause a rise of temperature of 12*2° ; 
8 parts of cr3^taUi6ed Glauber's salt with 10 parts of water produce 
a fall of 6*7° ; on the contrary, 3 parts of dry Glauber's salt with 10 
of water cause a rise of 2*2° ; 3 parts of crystallised sulphate of 
magnesia with 10 of water produce a fall of 3*1° ; and 3 parts of 
protosulphate of iron with 10 parts of water also produce a fall of 
temperature amounting 3*1°. 

One part of a mixture of 50 parts of oil of vitriol, and 55 of 
water mixed with 14 part of Glauber's salt, cools from +10° to 
— 8°. One part of dilute hydrochloric acid with If Glauber's salt, 
j&rom —10° to —17*8°. One jwirt of dilute nitric acid gives the 
following reductions of temperature : with 1 sal ammoniac, ^ nitre, 
Ij Glauber's salt, from +10° to —12°. With U nitrate ammonia 
and 2 J phosphate soda, from +10° to —6°. With 2 J phosphate 
of soda, from + 1 0°to —11°; and with 1 J Glauber's salt, from +10° 
to -- 16°. (Walker.) 

Six parts of sulphuric acid produce with 6 parts of snow, heat ; 
with 8 parts of snow, neither heat nor cold ; but with a large quan- 
tity of snow, intense cold. 

One part of snow, or pounded ice, produces the following fall of 
temperature. With ^ dilute sulphuric acid (4 oil of vitriol to 1 
water), from 0° to —32*5°. With dilute sulphuric acid, from — 7® 
to —51°. With 4 dilute nitric acid, from —23° to —49°. With 
1 dilute nitric acid, from -17*8° to —43°. With li crystallised 
potash, from 0° to — 28o. Witli | common salt, from 17*8° to 
—20*5°. With 1 common salt, from 0° to —17*8°. With /^ com- 
mon salt and -^ nitrate ammonia, from —27*8° to —81*7°. With 
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\ chloride cakiam, ftom —9® to — 42'6^. "With 1| chloride cal- 
cium, from 0* to —49*. With 1| chloride calcium, from 0* to 
— 27^8^, and from —7** to — 47*. With 2 chloride of calcium, from 
— 17*8 to — 54*4'*; and with 3 chloride calcium, from —40° to 
— SS""; and with absolute alcohol rTralles), from 0** to— 36*9°; and 
with highly rectified spirits, from to —80*. 

If solid amalgam of lead is mixed with solid amalgam of bismuth, 
they will become liquid, and there will be a reduction of temperature 
amounting to 22^. If 204 parts of lead amalgam ^103 lead to 101 
mercury) be mixed with 172 parts of bismuth amalgam (71 of bis- 
muth + 101 mercury), the temperature will be reduced from +20^ 
to — 1^. If to this mixture there are added 202 parts of mercury, 
the temperature is reduced to -—8^. When a finely divided mix- 
ture of 59 tin, 108*5 lead, and 182 bismuth is dissolved in 808 parts 
of mercury, the temperature falls from -f-l7*6** to —10**. (Gmefin.) 

When porous bodies absorb any liquid by capillary attraction, 
and no chemical action takes place, there is a rise of temperature of 
from {- to }■ degree with inorganic bodies, and, with organic bodies, 
from between I*' and 10*. 

Whenever a body is compressed or condensed, there is an evolu- 
tion of heat ; while expansion, on the contrary, is attended with an 
absorption of heat In the former case, the developement of heat is 
probaoly occasioned by the decreased capacity of the condensed 
body for specific heat If the air is suddenly compressed, there is 
sufficient evolution of heat to set tinder on ire. If the condensed 
body be oxygen eas, then paper and wood may be ignited by its 
compression. Oiled paper can likewise be ignited by the compres- 
sion of chlorine gas. Fulminating silver can be ignited by the com- 
pression of hydrogen, nitrogen, and carbonic acid gas. If, on the con- 
trary, air is suddenly expanded under the receiver of the air*pump, 
cold is produced, as may be exemplified by Breguet's thermoscope. 

By hammering, metals become quite hot and condensed. An 
alloy of 1 part of iron and 2 parts of antimony, gives sparks when 
filed. On a revolving grindstone 71 feet in diameter, an iron nail 
becomes white-hot in 15 seconds, a orass rod in 80 seconds, while a 
glass tube becomes red-hot, melts, and flies off. Agate, on the same 
grindstone, gives off sparks of fire, while the stone itself becomes 
red-hot 

Two pieces of wood, when rubbed briskly together, catch on fire. 
This mode of kindling fire is frequently resorted to by the aborigines 
of this country, 

Invluxkcb of Heat ox Chemical Combikahok and Decom- 

posmoN. 

Water can be resolved into its constituent gases by the a^ncy 
of incandescent platinum. For this purpose a platinum wire is 
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sealed into the doeed extremity of a tube-retort, having itB nedk 
removed just above the wire. The tube is filled with pure water, 
and the current of a voltaic battery is passed througn the wire. 
The incandescent wire forms round itself an atmosphere of vapor, 
which is decomposed. If a button of platinum wire is fully ignited 
by the oxy-hydrogen blowpipe, and then immersed in water heated 
up nearly to 212°, bubbles of mixed gases ascend, and may be col- 
lected. Instead of platinum, buttons of iridium, osmium, and pal- 
ladium may be substituted. 

Thk Naturb of Hsat. 

It is convenient to adopt the material theoir of heat in consider- 
ing its accumulation in bodies, and in expressmg quantities of heat^ 
and the relative capacities of bodies for heat Indeed, every thing 
relating to the absorption of heat suggests the idea of its substantiid 
existence ; for heat, unlike light, is never extinguished when it falla 
upon a body, but is either reflected, and may be further traced, or 
is absorbed and accumulated in the body, and may again be derived 
from it without loss. But the mechanical phenomena of heat^ which 
resemble those of light, may be explained with equal, if not greater, 
advantage, by assuming an undulatory theory of heat, corresponding 
with the undulatory theory of light. A peculiar imponderable me- 
dium or ether is supposed to pervade all space, through which un- 
dulations are propagated that produce the impression of heat^ A 
hot, radiant body is a body possessing the faculty to originate or 
excite such undulations in the ether, or medium of heat, which 
spread on all sides around it, like the waves from a pebble thrown 
into still water. Sound is propagated by waves in this manner, but 
the medium in which they are generally produced, or the usual 
vehicle of sound, is the air ; and all the experiments of the reflection 
and concentration of heat, by concave reflectors, may be imitated 
by means of sound. Thus, if a watch, instead of the lamp, be placed 
in the focus ef one of a pair of conjugate reflecting mirrors, the waves 
of air occasioned by its oeating emanate from the focus, strike against 
the mirror, and are reflected from it, so as to break upon the face of 
the opposite mirror, are conC'Cntrated into its focus, and communicate 
the impression of sound to an ear placed there to receive it. The 
transmission of heat from the focus of one mirror to the focus of the 
other, may easily be conceived to be the propagation of similar un- 
dulations through another and different medium from air, bat co- 
existing in the same space. In adopting the material theory of 
heat, we are under the necessity of assuming that there are different 
kinds of heat, some of which are capable of passing through glass, 
such as the heat of the sun ; while others, such as that radiating 
from the hand, are entirely intercepted by glass. But, on the undu- 
latory theory, the different properties of heat are referred to differ- 
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ences in the size of the wsuves^ as the differeDces ot color are account- 
ed for in light. Heat of the higher degrees of intensity admits of 
a kind of degradation, or conversion into heat of lower intensity, to 
inrhich we have nothing parallel in the case of light. Thus, when 
the calorific rays of the sun, which are of the highest intensity, pass 
through glass, and strike a hlack wall, they are absorbed, and appesor 
immediately afterwards radiating from the heated wall, as heat of 
low intensity, and are no longer capable of passing through glass. 
It 18 yet an unsolved problem to reverse the order of this change, 
and convert heat of low into heat of high intensity* The same 
degradation of heat, or loss of intensity, is observed in condensing 
steam in distillation. The whole heat of the steam, both latent and 
sensible, is transferred without loss, in that process, to perhaps fifteen 
times as much condensing water ; but the intensity of the heat is 
reduced from 212° to peniims 100° F. The heat is not lost, for the 
fifteen parts of water at 100° are capable of melting as much ice as 
the original steam. Bnt by no quantity of this heat at 100° can 
temperature be raised above that degree : no means are known of 
giving it intensity. 

K heat of low is ever changed into heat of high intensity, it is in 
the compression of gaseous bodies by mechanical means. Let steam 
of half the tension of atmosphere, produced at 180°, in space other- 
wise vacant, be reduced into half its volume, by doubling the press- 
ure upon it, and its temperature will rise to 212°. If the pressure 
be again doubled, the temperature will become 250°, and the 
whole latent heat of the steam will possess that high intensity. 
When air itself is rapidly compressed in a common syringe, we 
have a remarkable conversion of heat of low into heat of very high 
intensity. It may be imagined that the elevation of temperature 
produced by the friction oi hard bodies has a similar origin ; that it 
results from conversion of heat of low intensity which the bodies 
rubbed together possess, into heat of high intensity. But it would 
be necessary further to suppose that a supply of heat of low intensi- 
ty to the bodies rubbed can be endlessly kept up, by conduction or 
radiation, from contiguous bodies, as there is certainly no limit to 
the production of heat by means of friction. Count Rumford, by 
borinff a cylinder of cast-iron, raised the temperature of severu 
pounds of cold water to the boiling*point. Sir H. Davy succeeded 
m melting two pieces of ice In the vacuum of an air-pump, by mak* 
ing them rub against each other,' while the temperature of the air- 
pump itself and the surrounding atmosphere was below 32°. M. 
Haldot observed that when the surface of the rubber was roughs 
only half as much heat appeared as when the rubber was smooth. 
When the pressure of the rubber was quadrupled, the proportion of 
heat evolved was increased sevenfold. When the rubbing apparar 
tus was surrounded by bad conductors of heat, or by non-conduct- 
ors of electricity, the quantity of heat evolved was diminished. Ao- 

9 
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to Ficiet^ a piece of ham, nibbed with a piece of cedar- 
wood, produced more neat than when nibbed with another piece of 
metal ; and the heat was still greater when two pieces of wood were 
nibbed together. He also finds that solids alone prodace heat bj 
friction ; no heat appears to arise from the friction of one hqmd 
upon another liqnid, or upon a solid, nor by the friction of a cnrrent 
of air or gas upon a liquid or solid* One other point connected 
with the nature of heat remains, to which there is at present ooca- 
sion to allude — ^the existence of a repulsive property in heat Such 
a lepulsire power in heated bodies is inferred to exist from the ap- 
pearanoe of extreme mobility which many fine powders assume, 
such as precipitated silica, on being heated nearly to reduces. Pro- 
fessor Forbes also to such a repulsion attributes the vibrations which 
take place between metals unequally heated, and the production of 
tones, to which allusion has already been made. But this repulsive 
power was rendered conspicuous, and even measurable, by Dr. Bar 
den Powell, in the case of glass lenses, of very slight convexity, 
preased together. On the application of heat, a separation of the 
g^assesy through extremely small but finite spaces, was indicated by 
change in the tints which appear between the lenses, and which de- 
pend upon the thickness of the included plate of air. This repulsion 
Dctween heated snrfiioes appears to be promoted by whatever tends 
to the more rapid communication of heat (Qraham.) 
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Elrotrioitt ih its Pbtsioal Relations; or, the Phtsics or 

Elbotbioity. 

That department of Electricity designated MecTumical or Fric- 
tional Mectricity, wHl properly come under the division of Phy- 
sics of Electricity, while that termed Voltaic or OalvarUc Electri- 
Hty^ belongs more properly to the Chemistry of Electricity. Of 
Frictional Electricity we shall be necessitated m a work like this, to 
consult brevity, as the other department of this science, on account 
of its great importance and length, will claim our principal attention. 

That electricity developed by liie common electrical machine, is 
called Mechanical or Frictional Electricity^ in consequence of the 
manner by which it is obtained. This electricity presents itself as 
that fluid in its highest state of intensity, while the electricity de- 
veloped by chemical action, possesses but little intensity compared 
with its quantity. Frictional electricity exhibits itself as that fluid 
in a state of rest, and hence the designation of Static Electricity in 
contradistinction to the voltaic, whidi is known as Dynamic Elec^ 
tricity. 

The great developement of electricity during the escape of steam, 
may with propriety come under the head of frictional electricity, for 
its developement appears to proceed from the friction of the particles 
of steam against the sides of the orifice from whence it is issuing. 
The electricity from this source is possessed of great intensity, and 
affords sparks which readily pass through considerable intervals of 
air, and charge a leyden jar almost instantaneously. This electricity 
is that designated Positive^ and cannot be obtained unless there is a 
strong pressure of steam, so as to issue from the orifice as a trans- 
parent vapor. 

Electricity is considered as existing in two states, or as consisting as 
two entities, which are termed Positive and Negative Electricity, They 
are imponderable, and diffuse themselves uniformly and with great ra- 
pidity through those substances through which they are able to pene- 
trate. Electricity travels through a wire with great velocity, some 
maintaining that it traverses the wire with the velocity of light through 



182 OALYAKIO OB VOLTAIC XLECTRIOITr. 

the planetary space, while others contend that its progress is only 
2,600 miles a second.* 

To ascertain the conducting power of metals, an instmment has 
been used which determines it by passing the current of a constant 
battery through the instrument, which measures its ma^ifying 
power. At the same time a collateral circuit is opened to the same 
current through a certain length of fine wire, first of one metal and 
then of another. In the following table, the conducting power of 
the metals is, of course, in proportion to their reduction of tne mag^ 
netisinff power of the collateral current Therefore the alloy of 
silyer, m the proportion in which it exists in coin, is the best con- 
ductor, while platinum is the poorest. 

lUgBtftWiig power. RtdaeOoii. 

SilTer Coin, 7-860 gm. 17060 gm. 

Copper, 8180 " 16-220 " 

PnreSilver 8*800 " 16600 * 

Braaa^ 12*046 " 12-864 " 

GoldCoin 12-820 - 11-680 « 

Iron 16-600 " 7800 " 

PUtinum 17-010 " 7*890 « 

For a very extended list of the best and poorest conductors, the 
student is referred to Gmelin's Chemistry, vol. i. p, 810, et seq. 

Galyanio or Yoltaio Elbctricitt. 

That form of electricity which is developed by chemical action, is 
termed Onlvanic or Voltaic Electricity^ designations which arose 
from the names of Galvani and Yolta, tiie two discoverers of chemi- 
cal electricity. 

When two metals are placed in contact with each other, and are 
immersed in a liquid which acts with more energy upon one of 
them than upon tne other, there quickly ensues the aevelopement of 
a current of electricity, termed Positive electricity, or of two cur- 
rents, termed Positive and Negative Electricity, The two metab 
used for this purpose must bear a peculiar relation to each other. 
The conditions necessary are, that one of the metals shall have a 
stronger afBnity for the acid of the fluid than the other, or in other 
words, that one of the metals shall be acted upon with more energy 
by the acid than the other. Copper and zinc, or platinum and 
zinc, are the metals generally used, the latter metal beins the posi- 
tive one, or that acted upon with most energy by the acid. 

It is supposed that the electrical current is developed at the zinc 
plate, and passing through the fluid to the copper plate, it passes 



* Gmelin informs as that electricity traverses % wire ** ftster than light movM 
in the celestial spaces,'* while the late experimeuts of Prof. Airy make its velo- 
city only about 2,600 miles each second of time. 
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Bp the wire connected with the copper plate, and down the wire in 
contact with the zinc plate, to the plate itself. Thus the current is 
supposed to pass from the zinc to the copper within the battery, 
and from the copper to the zinc without it. The zinc plate is there- 
fore termed the positive plate^ as it is the one acted upon, and the 
copper plate is recognised as the negative plate, while the wire 
attached to the negative or copper plate is termed the positive or 
delivering pole, and that to the zinc or positive plate, the negative 
or receiving pole. 

The nomenclature of Prof. Faraday is generally recognised by 
electricians. The poles are termed electrodes, from two Greek words 
signifying ways or paths of electricity. The positive pole he desig- 
nates the Anode, while the negative is the Cathode ; but the terms 
positive and negative are generally made use of. 

It is not necessary that two dissimilar metals should be used in 
order to obtain a voltaic current, but one metal in a dissimilar state 
may be substituted. If one portion of the metal is more dense than 
the other, a current ib developed in that portion of the metal which 
is the softest^ as that portion is acted upon more energetically by the 
acid than the other. In that case the harder portion is acted upon 
by the acid with less energy than if it were placed alone in the 
acid, the action upon the less dense portion appearing to retard 
that upon the harder portion. Or, if a different amount of surface 
of metal be exposed to the action of the acid, there will be developed 
• a current of electricity which passes from the greater surface, or tnat 
acted most upon, to that acted least upon. 

The galvanic battery possesses also intensity and quantity. By 
increasing the sur&ce of the plates there is an increase of quantity, 
by which the developement of heat and magnetism is increased, 
although the power to decompose substances, or to give shocks, is 
but slightly increased. These species of batteries are termed col' 
orimeter&f in consequence of their producing intense heat. A cal- 
orimeter can be constructed by connecting all the zinc plates of a 
battery, by wBich they act as if composed of one large plate. Or 
two large sheets of zinc and copper may be coiled concentrically 
upon themselves, with a rope of horse-hair laid between to insulate 
them. These plates are immersed in dilute sulphuric acid. In 
order to obtain intensity the plates are connected together consec- 
utively, that is, by connecting the copper plate of each pair with the 
zinc plate of the next one. Here tne electricity traverses through 
a series of pairs, these pairs being separated from each other by a 
stratum of acid, or some other imperfectly conducting liquid. B^ 
this means, that condition of the electrical fluid termed intensity is 
obtained. It passes more readily through imperfect conductors. It 
^ves shocks and decomposes compounds with greater facility than 
Uiat termed qriantity. When the plates are increased to several 
hundred, the intensity of the electricity then resembles that from 
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tbe electrical machine in its power of pmiiig tlffoogli intenrak of 
air, and in the manifestation of all the phenomena characterislie of 
fiictiona] electricitj. For all these porpoees where electro-ffij^etie 
apparatna is required, electricitj of low intensity mnst be nsed on 
account of its easy insulation, while at the same time its powtf of 
producing magnetism is much greats than electricitj of nigh ten- 
sion. Batteries, therefore, of mat intenstj are not calculated for 
electro-magnetic apparatus. No greater number than six of Grore's 
cups should be used for this purpose, while three maj answer ewerj 
purpose. 

ThB VaBIOCS FoBMi OF BATTKBm. 



The Trough Battery maj be rq;arded as a representatire of the 
first batteries used. It consista of a series of pli^ of copper and 
snc which are pboed side and side alternate! j. Sometimes the zinc 
plates are inclosed in copper cases open both at the top and the 
bottom. The plates are lowered into the acid by a mechanical con- 
trivance, such as a windlass, Ac As soon as thej are immened in 
the acid solution (composed of <Nie part of sulphuric acid to fi»ty 
or fifty parts of wato*), the developement of electricity commences. 
If the zmc plates and copper plates are arranged eonsecutirely, then 
intensity is attained ; but if all the ones are connected with each 
other, and the copper plates are likewise connected together, then 
the battery is converted into a calorimeter. Or in the former in- 
stance we nave the manifestati<»i of intentUyj in the latto* that of 
quantity. CruikshanFi Battery is an instance of the trough bat- 
tery, although its mechanical arrangement is often varied to suit the 
convenience of the operator. These batteries, for instance, are often 
arranged to swing upon a pivot, so that merely inverting the trough 
conveys the acid from the zincs, as devised originally by Professor 
Hare. Several of these batteries so fixed as to swing together, form- 
ing the arrangement of Professor Locke, are termed by him the 
Organized battery, 

Sme^s Battery. — ^This battery consists of a glass case of a sphe- 
roidal shape, in which is suspended a pocket of baked earthenware. 
In this pocket is placed a liUle mercury, and then a piece of zinc is 
laid witnin it, widi its lower end in contact with the mercury. A 
strip of copper is inserted down between the zinc and the pocket, 
until its end terminates in the mercury, by which a perfect contact 
is attained between the zinc and the copper strip. At the other 
end of the copper there is soldered a strip of platinum, which fiskUs 
into the next glass cup. The copper strip is covered with a solu- 
tion of gntta percha to prevent the add acting upon it, otherwise, 
besides tiie action, the copper would be transfened to the platinum 
strip. The solution with which this battery is charged is a mixture 
of one part of sulphuric acid to eight or ten parts of water. 
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If the nno plates are not amalgamated there will ensue a local 
action, or the acid will act upon the zinc, with the developement of 
hydrogen gas. The mercury prevents the local action, bo that when 
the poles are not in contact, or the current not closed, there will be 
no action of the acid upon the zincs. The power gained by increaa- 
in^ the size of this biU;tery is so little, that it would be no object 
gamed in increasing it. 

The action of this battery may be thus stated : the water under- 
goes decomposition, one equivalent or atom of its oxygen uniting 
with the zinc, forming the oxide of zinc, with which the sulphuric 
acid combines to form the sulphate of zinc. The hydrogen atom of 
the water is given off at the negative or platinum plate. 

It will be perceived that the oxygen and hydrogen are given o£^ 
the former at the zinc plate, while the latter is evolved at the cop* 
per or platinum plate. It is not supposed that these elements travel 
through the flnid, but that the two atoms of water in contact with 
the plates are simultaneously decomposed, and that a chain of de- 
C(»nposition is established between these atoms. By an inspection 
of Fig. 27 this will be illustrated, where the oxygen atom (1) of the 
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water unites with the zinc, the hydrogen simultaneously unites with 
the oxygen of No. 2, releasing its hydrogen, which unites with the 
oxygen of No. 3, and releasing its hydrogen, which atom uniting 
with the oxygen of No 4 releases the last hydrogen atom, which 
having nothing to combine with passes off at that plate. The sub- 
ject of electro-decomposition will be spoken of in connection with 
the electrotype. 

The Sulphate of Copper Battery, — ^This battery is made in the 
form of a double cylinder of copper, with a bottom of the same 
metal. This copper vessel, while containing the liquid which acta 
on the zinc, answers the purpose of the negative plate. A solution 
of sulphate of copper, consisting of two ounces of that salt to one 
pint of water, is placed in the space between the two copper cyl- 
mders. A cylinder of zinc is immersed in this solution, but only 
when the battery is to be put into action. This zinc cylinder rests 
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upon the eiterior copper one, bj the inteipostioii of aonie noD- 

coDdDctiDg ftubstanoe, such as dry wood or irory. 

These batteries are not very pennanent, as their action does not 
last longer than half an hour. The action of these batteries is as 
ibilows : The water is decomposed, its oxygen combining with the 
anc, whereby an oxide of that metal is produced. At the mne 
time the copper salt is decomposed, and its acid combines with the 
oxide of zinc, forming the sulphate of zinc, which remains in solo- 
tion. The oxide of copper being now released from its oombinatioa 
with the sulphuric acid, partly adheres to the zinc cylinder, while 
another portion falls to the bottom as a black deposit, part of which 
is the reduced metaL The hydrogen of the water decomposes the 
oxide of copper, forming with it water. It is thus that the reduced 
metal is formed, while but little gas is given ofl^ as it is consumed 
in the reduction of the metaL These batteries have, therefore, re- 
oeired the designation of ** Hydrogen Consuming BaUtrieg,^ 

These batteries have greater intensity in proportion to the quan- 
tity, than Smee*8. This is accounted for from the (act^ that in these 
batteries the final decomposition falls on the oidde of co|^)er instead 
of water, the latter requiring a greater expenditure of electrical 
force in order to decompose it than the former. The force of a 
galvanic battery depends upon the amount of corrosive force of the 
solution, minus the force of chemical affinity which has to be over- 
come in the decompositions which attend its action. 

Tlu Constant Battery, — In this battery there is a greater ad- 
vance towards perfection. In the former battery it will be remem- 
bered that the zinc cylinder soon becomes coated with the pnlvem- 
lent copper deposit, which speedily retards its action, and finally 
terminates it. If the sulphate of copper only is in contact with the 
copper plate, it supplies the oxide ot that metal for the purpose of 
the final decomposition instead of the water, with as great facility 
as if it were in contact with the zinc. If, therefore, a cell of some 
porous substance is interposed between the copper and the zinc, 
there are formed two cells, the outer one of which is filled widi 
solution of sulphate of com>er, while the inner one contains a soln- 
tion of sulphate of soda. The porous partition prevents the sulphate 
of copper from passing into that cell in which the zinc is contained, 
and therefore it escapes being coated with the copper deposit The 
porous cell may be constructed of leather, or of h&ked earthenware, 
but the latter should not be glazed. 

The action of this battery may be expressed as follows : The water 
is decomposed, its oxygen combining with the zinc and producing 
the oxide. The hydrogen of the water then decomposes the sulphate 
Bait, by forming water with the oxygen of its oxide. The sulphuric 
acid thus liberated passes through the porous partition, and there 
furnishes a constant supply of acid to combine with the oxide of 
zinc to form the sulphate of that metal. 
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This tuittery will maintain a constant action for several days, bat 
the solution of sulphate of copper must be kept saturated by adding 
occasionally a little of that salt to it From the constancy of this 
battery, it is used extensively in electrotyping. 

Grovels Battery. — In the preceding battery, the hydrogen from 
the decomposition of the water, ia consumed in the decomposition 
of the oxide of copper, with which it unites to form water. Hence 
the designation of Hydrogen Consuming batteries. In the present 
battery, that of Grove, a farther advance towards perfection is made* 
In the sulphate of copper battery the chemical combination which 
has to be disrupted is that of oxygen from the metal copper ; or 
its force may be stated as equal to the affinity of oxygen for zinc, 
minus the affinity of oxygen for copper. Strong nitric acid is sup- 
plied instead of the sulphate of copper in Grove's battery, as in that 
case the affinity to be overcome is in favor of the latter, as the 
affinity of oxygen for nitrous acid is less than the affinity of oxygen 
for copper. Nitric acid is composed of one atom of nitrogen united 
to five atoms of oxygen. The more complex the compound body 
is, as a general role, the more readily is it decomposed, and the fifth 
atom therefore of oxygen, being retained with a slight affinity, re- 
quires but little force to withdraw it from the other four atoms, thus 
leaving nitrous acid. The in(»*ease of power of Grove's battery over 
the sulphate of copper battery, is equal to the difference of suEfinity 
between oxygen for nitrous acid and that element for copper ; and 
its force is equal to the affinity of oxygen for zinc, minus the affinity 
of oxygen for nitrous acid. The zinc plate, or cylinder, of this acid, 
is immersed in a solution of sulphuric add, consisting of one part of 
the acid to six or eight parts of water. A porons cup of baked 
earthenware, but not glazed, fits inside of the zinc cylinder. This 
eup is filled with strong nitric acid. Or it may be filled with equal 
parts of sulphuric acid and water, into which there is put a table- 
spoonful of pulverised nitrate of potash, or saltpetre. The platinum 
strip, or negative plate, is inserted into this fluid. In the latter case, 
as the nitric acid necessary for the action of the battery is required, 
it is evolved from the saltpetre, the sulphuric acid taking its place 
in combination with the potassa. 

This battery is the most ene^tic one known. Twenty square 
inches of zinc surface of this battery was found, by its magnetising 
power, to afford a current of greater quantity than a sulphate of 
copper battery exposing two hundred and ten square inches of zine. 
(Davis.) Besides possessing so much greater quantity, this battery 
has three or four times the intensity of the preceding battery, and 
six times that of Smee's. This battery is likewise very constant, 
and hence is used extensively for the purposes of electrotyping. 

Buneen^e Battery is similar to Grove's, except that the negative 
element instead of being platinum, is carbon ; but as platinum has 
become much cheaper, and as there is so small a quantity used in 
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the Grove's Iwttery, the sabstitntion of carbon for plAtinnm is no 
great desideratam. 

Conduction of Galv anisic — Metala exhibit a great disparity 
in their power of condactiDg the voltaic fluid. Silver appears to be 
the best conductor; then follow copper, brass, iron, and finally pla- 
tinum, which is the poorest conductor among the metals. Copper, 
on account of its cheapness, is generally used for conductors, 
although for telegraphic purposes iron is resorted to in consequence 
of its great cheapness over copper. The grreater the length of wire, 
the greater the resistance to the passage of the fluid, and therefore 
a long wire conducts more slowly than a short one. If the wire is 
lengthened, then it must be enlarged, that the resistance to the 
passage of the fluid shall be less. 

When, on the contrary, it is desired to employ poor conductors, 
the platinum, or iron, is employed. It appears that heat is gene- 
rated in a ratio to the reststance to the passage of a voltaic current ; 
therefore if a wire be both small and a poor conductor of electricity, 
the heat evolved by the passage of a large quantity of electricity is 
great The wire becomes so strongly heated aa to ignite, and 
finally to melt, or be dissirated in vapor. It is upon this prin- 
dple that the Submarine-Battery, or Torpedo, is constructed. 
The wires which conduct the electricity to the submerged gun- 
powder, or gun-cotton, must be large, that the fluid may pass 
through them with as little obstruction as possible. At the termina- 
tions of these wires, there ia a short thin wire of platinum, passing 
from one termination to the other, and thus completing the circuit 
The electricity in passing through this thin wire, in consequence of 
its small size and great resistance to the passage of the fluid, quickly 
heats it to ignition, and the explosion of the gunpowder follows. This 
ignition of a platinum wire has also been used for the purpose of 
firing a mixture of oxygen and hydrogen gases. 

GALVANo-DEooMPosrrioN. — In the developemen^ of electricity in 
the galvanic battery, it was stated that as a necessary condition, 
there shall be a decomposition of the liquid in which the plates 
are immersed. If the poles of the battery are immersed in any 
liquid which is capable of electrical decomposition, then there will 
follow a separation of its elements, the amount of decomposition 
depending upon the quantity of electricity employed. Some fluids, 
however, conduct the electricity very well without undergoing de- 
composition. This is the case with solutions of various met^ in 
mercury, and witii fused alloys. Some substances completely stop 
the passage of the current, and therefore undergo no decomposition. 
If the electricity, however, possess great intensity, it will then 
force itself through the liquid by mere mechanical means. But ii 
the liquid allows more or less readily the continued egress of the 
electricity, then it is decomposed. To this class belong all those 
sabstances termed electrolytes. In these decompositions there is 
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always a certain class of substances which appear at one pole, while 
another class appear at the other. For instance, when solutions of 
metalic salts are decomposed, the metal or base always appears at 
the negative pole, while the acid, or acid radical, appears at the posi- 
tive pole. In these decompositions, the elements are always libera- 
ted close to the poles, and according to their various natures are 
either evolved as gas, or deposited in the solid form, or dissolve in 
the undecomposed liquid surrounding the poles, or combine chem- 
ically with the conductor, or with other elements of the liquid, 
thereby ^ving rise to seccmdary producU, 

The electrolytes must be regarded as non-conductors, which al- 
though they will not allow electricity of low tension to pass through 
thetn, will that of high tension. It is only when the latter passes 
through that we have decomposition. This decomposition is, how- 
ever, exactly proportional to the quantity of electricity which passes 
through the compound. It is also ascertained that for a certain 
amount of electricity a definite proportion of each element is evolved. 
These proportions correspond to the chemical equivalents, or com- 
bining proportions of those elements. 

Only those compounds which contain two atoms of elementary 
matter, or a compound radical, are capable of electrolysis ; as, for in- 
stance, one atom of hydro^n or metal with one atom of oxygen, 
chlorine, bromine, iodine, fluorine, cyanogen, &c. While such com- 
pounds as boracic acid (B Oj), sulphurous acid (S 0|), sulphuric acid 
(S 0|), chloride of phosphorus ^P Clj) and (P Cl|), chloride of sul- 
phur (S| Gl), chloride of carbon (C4 Cle), bichloride of tin (Sn Cl|), ter- 
chloride of arsenic (As 01}), db^c, are not decomposable, and act as non- 
conductors. But if the current is passed through a binary compound 
such as water, the poles terminating in platinum strips, uiere will be 
perceived a stream of gas ascendmg from each pole, the one of 
which will be oxygen and the other hydrogen, the volume of the 
^ former being only the half of that of the latter. If the wire con- 
necting the positive pole be of some easily oxidisable metal, as iron, 
the oxygen, instead of being given off as gas, will unite with it, and 
an' oxide of iron will be the result. 

It appears, therefore, that some of the elements are always evolved 
at the anode, or positive electrode, while others are evolved at the 
cathode, or negative electrode. Those which are evolved at the 
positive pole, or electrode, are termed by Far^ay anions^ and those 
which make their appearance at the negative pole he calls catiofu. 
The anions, or electro-negatives, are oxygen, fluorine, chlorine, bro- 
mine, iodine, and cyanogen ; probably also sulphur, selenium, and 
sulpho-cyanogen. The acids are also included in this class by Fara- 
day. The cations, or electro-positives, are hydrogen, the alcali-metals, 
magnesium, manganese, antimony, bismuth, zinc, cadmium, tin, lead, 
iron, cobalt, nickel, copper, mercury, silver, gold, platinum, and am- 
monium. The salifiable bases are also classified by Faraday in this list. 
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There is a difference between direct and indirect decompoeitiooB 
by the electricul correnU The direct decomposition arises from the 
immediate action of the current, but the substance liberated may, 
when the liquid is a mixture of several compounds, exert a decom- 
posing action upon a compound upon which the current does not 
act directly. For instance, aqueous ammonia is resolved into hydro- 
gen gas at the negative electrode, and nitrogen gas at the positive eieo 
trode. The water alone in this instance is directly decomposed, and 
the oxygen, which passes to the positive pole, combines with the 
hydrogen of the ammonia, setting free its nitrogen. 

Instruments are constructed termed VolUucopes or VoltaTneterSj 
which are intended for ascertaining the amount of electricity gen- 
erated in a battery. The current is passed through water slightly 
acidulated, in order to render it a better conductor, and the amount 
of gases generated is exactly proportional to the electricity which 
passes. A battery which retains a platinum wire j^ of an inch 
thick in constant ignition during the whole time occupied by the 
decomposition, decomposes one grain of water in 3f minutes. This 
Quantity of electricity is equal to a powerful stroke of lightning. 
(Faraday.) 

An atom, or equivalent, of one electrolyte, requires for its de- 
composition the same amount of electricity as is required for an 
atom of any other electrolyte. The strength or the feebleness of 
the afBuity does not alter Uiis law. For instance, if the current is 
passed through the solutions of several metals, they are precipitated 
m the ratio of their atomic weight, id e«(, about four times as much 
silver as copper. The quantity of electricity which one atom of 
liquid requires to decompose it, is equal to the quantity which 
an atom of the same liquid evolves during its electro-chemical de- 
composition by ponderable bodies. 

The amount of metal precipitated is in a ratio to the amount of 
zinc dissolved in developing the current of electricity. If the zinc 
is corroded rapidly, then the metal is precipitated rapidly, and vice 
versa. If a battery be constructed of lead and platinum plates, and 
another battery of copper and platinum plates, the weight of the 
lead plates being to that of the copper plates in the ratio of the 
atomic weights of the metals, viz., 104 to 32, and the currents of 
both batteries be passed through solutions of nitrate of silver con- 
tained in separate vessels ; then, when all the copper and lead are 
dissolved, the quantities of silver separated in the two vessels will 
be found to be equal. (Matteucci.) 

A solution of iodide of potassmm is more easily decomposed 
than any other salt. Instead of the elements of water appearing at 
the poles, those of the salt make their appearance there — the iodine 
at the positive electrode, and potash at the negative one. In this 
case the metal potassium, having a strong affinity for oxygen, de- 
composes the water, and combining with its oxygen, makes its 
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appearance as potash. When iodine combines with starch, the re- 
£. compound, the iodide of starch, is of an intense blue color. 
The Thermo-Electric Pile of Melloni was constructed for the pur- 
pose of ascertaining the passage of very weak currents of electricity, 
which the decomposition of the iodide of potassium and the conse- 
quent production of the blue iodide of starch indicated. By this 
means, that philosopher determined that even insects possess vital 
heat. 

The phenomena of decomposition by electricity may be observed 
by using a vessel which contains a porous diaphragm passing 
through the middle of it, by which Uiere is formed a separate 
apartment for each pole. This diaphragm may be composed of 
plaster of pans, or of unsized paper. If this apparatus is filled 
with a solution of sulphate of soda, and this colored blue by the 
infusion of red cabbage, the passage of the voltaic current through 
it will be attended with such a change in the color of the fluid as 
will indicate the decomposition of the sulphate of soda. The add 
of the salt will pass through the diaphragm to the apartment con- 
taining the positive pole, while the alcali will be drawn to that con- 
taining the negative pole. The acid will change the color of the 
blue fluid to red, while the alcali will change that in the other 
apartment to green. If a solution of the chloride of ammonium is 
placed in the cells, to which is added red cabbage infusion to impart 
a blue color to the solution, the color at the positive pole will soon 
disappear, in consequence of the liberated chlorine bleaching the 
color. In the negative cell, ammonia and hydrogen are set free, 
and hydrochloric acid and oxygen should have been set free in the 
positive one, if the chloride of ammonium be regarded as a muriate, 
which, in the present state of science, is inadmissible. The true 
explanation is, that in the positive cell there is liberated the chlorine, 
while ammonium appears at the negative cell, but not being able to 
exist in an isolated state, is separated into its components, ammonia 
and hydrogen. 

During the time that water is undergoing electrolysis, there is 
developed at the positive pole a peculiar odor. This odor, if the 
two gases are collected separately, is confined exclusively to the 
oxygen. This same odor may be detected in the atmosphere which 
surrounds an electrical machine, when it is in operation, and has 
eiven rise to considerable speculation of late among physicists. It 
IS now considered as simply oxygen in an allotropic condition, or 
perhaps this gas combined with an equivalent quantity of electricity, 
and therefore might be designated as the Electride of Oxygen. 

Bhctro-Metallurgy, — It has been stated that solutions of metallic 
salts, when subjected to electrolysis, undergo decomposition, the 
acid being conveyed to the positive pole, while the reduced metal is 
deposited upon the negative pole. Thus the origin of the art of 
electro-metallurgy. The great desideratum in the deposition of 
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metals is to obtain them in that state termed the reptUtne^ or 
in a tough, malleable, coherent state, suitable for the purposes re- 
quired. 

Metals are thrown down by the galvanic current in three con- 
ditions: 1, As a black deposit; 2, As a reguline, or malleable 
metal ; and 8, As a crystalline deposit. The water and the metallic 
salt, both of which exist in the battery, are both liable to decompo- 
sition. When the water is decomposed, the hydrogen passes to the 
negative pole. This hydrogen^ if evolved at the same time that 
the metal is deposited, gives rise to the black deposit This hy- 
drogen appears to be thrown down with the metal, and thus the 
black pulverulent substance. I( therefore, the water be too strongly 
acid, it becomes a better conductor of electricity, and will be more 
easily decomposed, whereby its hydrogen being released, the black 
deposit occurs. If the salt is difficult to decompose, acid is often 
added to increase the conductibility of the solution ; but too much 
must not be added, for the reasons just indicated. The conditions 
necessary to obtain the metallic deposit of a reguline nature, is by 
adding sulphuric acid to the solution until the poiDt is just arrived 
at, where copper being still precipitated, hydrogen is about to 
appear, and then the metal will be deposited in the soft, malleable 
state. The crystalline state results from the deposition of the metal 
in obedience to its own molecular attraction. In the reguline state, 
this is modified by the chemical agency of the elements of water. 
In all cases, the battery current should be regulated according to 
the strength of the solution. The following, from Smee, will give 
the student all that is necessary, in order to insure success in elec- 
trotyping. The tendency to the evolution of hydrogen, and to a 
blade deposit of metal, is increased by any of the following means : 
By increasing the intensity or quantity of the battery ; by increasing 
the size of the positive pole ; by decreasing the size of Uie negative 
pole; by approximating the poles; by increasing the heat of the 
solution ; by weakening the solution ; by making it acid. The ten- 
dency to evolution of hydrogen may be diminished, and that to the 
crystallic form of the deposits increased, by any of the following 
means : By diminishing the quantity or intensity of the battery ; 
by increasing the negative pole ; by decreasing the positive pole ; by 
separating the poles ; by saturating the solution ; by making it neu- 
tral ; by diminishing its heat. It will frequently be found that one 
or more of these means may be employed in a particular operation, 
while it will be impossible to make an advantageous application of 
others. 

The impression obtained is precisely that of the mould upon which 
it is taken. Even the slightest mark is faithfully copied, even to 
the impression left by touching the mould with the finger, or the 
slightest tarnish. The precipitation of metals, therefore, has become 
an art, under the designation of Electro-Metallurgy, and has result- 
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ed in the prodnction of works of the greatest beauty. Oold, silver, 
and other noble metals, can be thrown npon metallic surfaces with 
the greatest readiness and purity, and thus we have a means of pro- 
tection of the latter metals against the action of the weather. 

Impressions of medals, Asc^ may be easily copied by either taking 
an impression upon their sur&ce, of plaster, of wax, or of the fusible 
metal. If of the former two, the mould must be brushed over with 
dry plumbago, or copper bronze, that it may have sufficient cour 
ducting power to convey the current dver its whole surface, others- 
wise the precipitation of the metal will not be regularly deposited 
upon its sur&ce. 

Engravings are copied by the electrotvpe process which are in 
every way equal to the original engraved plate. This is done by 
taking an impression, or mould, in wax, or in copper itself, and thus 
precipitating a tolerably thick stratum of copper upon that mould. 
As this is not the place to enter into practical details of the Elec- 
trotype process, the student is referred to works treating especially 
upon that su^ect. 

Chlvanic Jatehing may be effected by coating the plate with wax, 
and then drawing lines which will cut through the wax and reach 
the copper. This plate must be attached to Uie positive pole of the 
battery, when the acid of the solution will etch those portions mark- 
ed, or deprived of the wax coating. This plate may be printed 
£rom in the usual way, as is customary with plates etdied by nitric 
acid. 

Olycography is the reverse action to the etching process in the 
previous paragraph. The lines are drawn as in the process for etch- 
rog. A coat of black-lead, or plumbago, is then brushed over it 
This is then placed in the battery, and a coat of copper is thrown 
upon it, by which the lines marked into the wax are raised. This 
plate being similar to a wood-cut, it can be used hke those plates in 
letter-press. 

When it is desired to precipitate copper on iron or steel, a solu- 
tion must be used composed of sulphate of copper dissolved in a 
solution of cyanide of potassium. 

The battery most useful for ffilding and silvering should consist 
of six or eight pairs of Smee's battery, or of the protected sulphate 
of copper battery, or Daniell's battery. The gold solution should be 
as pure as possible, for it is a ffeneral law that when several metals 
are in solution, the one which is most easily reduced is thrown 
down first If, however, the energy of the current is increased, all 
the metals will be thrown down. For instance, if the gold is alloy- 
ed with silver, the latter metal will be thrown down first, if the 
current is too feeble to precipitate both metals together. If the 

gold is alloyed with copper, a feeble current will deposit pure gold ; 
ut if the current is increased, an alloy of gold and copper of a 
darker color will be thrown down. 
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The salt of silver used for the purpose is the cyanide. It is best 
prepared by dissolving a silver dollar in nitric acid, and then pre- 
cipitating the silver from its solution either by hydrochloric acid or 
solution of common salt The precipitate is washed, and then dis- 
solved in a solution of cyanide of potassium, only using enough of 
the cyanide to dissolve the chloride. Water is then added to mairo 
two quarts of the solution. 

The solution of gold employed for gilding is the cyanide. It is 
prepared by dissolving a five-dollar gold coin in nitro-hydrochloric 
acid (composed of one measure of nitric acid with four of hydro- 
chloric acid) and evaporating the salt to dryness. This chloride is 
then dissolved in just enough cyanide of potassium to take it up, or 
to make a clear solution, which will require about one ounce. Then 
add water enough to make two quarts of the solution. 

Small objects may be gilded without the aid of the battery, by 
inmiersing them in the gold solution, and placing a strip of zinc in 
contact with them. In that case, the object to be gilded, which 
must be metallic, as, for instance, the face of a watch, acta as the 
negative plate, while the strip of zinc is the positive element The 
asinc is therefore dissolved by the solution, but the feeble current of 
electricity which is excited only throws down the gold. 

NchiWs Bings.'—li one of the poles of the battery consists of a 
plate of polished metal, and the other of a fine platmum wire, and 
the latter be approached to the former very closely, there will be 
formed several concentric colored rings, but the aspect of these rings 
depends upon the kind of metal used and the nature of the solution. 
If the positive pole is a silver plate, the following solutions will 
produce the rings, viz. : phosphoric acid, carbonate of potash, sul- 
phate of soda, chloride of ammonium, chloride of potassium or 
sodium, tartar emetic, sulphate of zinc, chloride of cobalt, sulphate, 
nitrate, and acetate of copper, chloride of platinum. On plates of 
gold or platinum, solutions of sulphate of manganese, nitrate of bift- 
muth, and acetate of lead, form n^ative rings. If the silver plate 
forms the negative pole of the battery, it has these rings deposited 
upon it in solutions of tartar emetic, salts of copper, or chloride of 
platinum. The rings produced by acetate of lead exhibit, by chem- 
ical analysis, the reactions of the peroxide of that metal. Almost 
any metal exhibits these beautiful prismatic rings, if it is previously 
heated in the air until it becomes covered with a coating of oxide. 
The more oxidisable metals, when used as positive poles in solutions 
of acetate or nitrate of lead, do not allow of the formation of the 
peroxide of lead^ except iron, and that metal only on account of 
Its assuming the passive state. Iron, under these circumstances) 
aoon becomes red, blue, yellow, &c., until the colors finally become 
so deep that they cannot be distinguished. 

To form Nobili's monochromatic deposit on platinum requires one 
of the following solutions: chloride of manganese in 8 parts of 
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water; snlphate of maQganese and potash in 12 parts of water; 
acetate of manganese in 15 parts of water ; succinate of manganese 
in 16 parts of water; or hippnrate of manganese in 12 parts of 
water. A well-polished platinum capsule is filed with one of these 
solutions, and is connected with the positive pole of a battery of four 
pairs of plates, each 86 square inches surface, immersed in dilute sul- 
phuric acid. K a stronger battery is used, the solutions of the salts 
must be more dilute. A disk of platinum, three-quarters of an inch 
in diameter, is then dipped horizontally into the liquid to form ihe 
negative plate. With sulphate of manganese and potash, or with 
succinate or acetate of manganese, one tint is produced ; first gold- 
en-yellow, then purple, then green. The current must be stopped 
when the desired tint is obtained. With hippurate of manganese 
its tint is first golden-yellow, then of a splendid bluish-purple red* 
Chloride of manganese yields very beautiful broad alternating rings 
of purple-green, golden-yellow, and blue, surrounded by a broad 
belt of golden-yellow. (Bottger.) These rings may be formed by 
a simple galvanic circuit Immerse a plate of silver in a solution 
of sulphate of copper, and touch it with a ]Hece of zinc, when there 
are formed about the point of contact several blue and green rings. 
When the contact is broken, these rings pass through several 
changes of color, finally assuming those of dark blue and light 
green. 

THXRUO'ELBCTRiorrT. — ^If two metals, joined together by solder, 
or one metal in two different states, be heated, there is a develops- 
ment of electricity, the current flowing from one of ^ the metals, 
through a conductor, to the other. This species of electricity is 
termed Thermo-Uleetricity, Two strips of metals, the one (German* 
silver and the other brass, will illustrate thermo-electricity. They 
must be soldered as in Fig. 28, the strip G being the Qerman-silver, 
and the other, B, the brass. 




Flg.SS. 

When the junction is heated by a spirit-lamp a current is excited, 
flowing in the direction of the arrows, or from the German-silver to 
the brass. Although two dissimilar metals, as is the case with the 
galvanic battery, produce the strongest current, still one metal will 
answer the purpose if it is bent, the middle portion which is bent 
being twisted. If the heat is applied to one side of the twisted por- 
tion, a current will be developed, flowing from the untwisted part to 
that which is twisted. 

10 
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If two plfttmnm wires, of different diameteTB^ are brov^t in oon* 
tact and heated, a coirent flows from the thineet wire to the thiciD* 
eat one. 

Hie thenno-«lectncaI cnrrent is referred to the difference in the 
conducting powers of sobetancee, and also to their different moleciH 
lar states, such as that of ciystallisation, which is thooght to be the 
result of a peculiar electrical condition of the particles. But where 
the same metal, in diffsrent conditions, is made use of, the develope* 
ment of the current is thought to arise from the different conducting 
power of the metal on each side of the point of contact, or of the 
heated place, or hy the obstruction of the heat of the twisted portioii 
of the wire. As this department of science has not been mvesti' 
gated with sufficient rigidness, the above explanations may undergo 
considerable modification* The metals differ greatly in their -power 
of developing a thermo-electrical current, but none of them give 
such good results when their point of contact is large, than whai it 
is but just slight enough to allow the free passage of the current) 
and no more. In the case of a large contact^ there is sufficient 
room for the return of the current to the metal from whence it pro^ 
oeeded, without passing through the exterior circuit 

The metal which developes me current is analogous to the zinc ele* 
ment about the battery, while the metal which reoeives the current 
may be compared to the copper element Therefore the positive pole 
of the thermo-electrical battery proceeds from, or is attached to, the 
negative plate, or that which receives the current, and the negative 
pofe is attached to the other metal. 

In the following thermo-electrical elements, that metal correspond- 
ing to the sine one of the battery will precede, while the succeeding 
one will answer to the copper plate. 

German-Silver and Antimony. — ^These two metals give a greater 
current than those which succeed ; for, while these metals deflected 
the galvanometer needle 85% those of bismuth and antimony deflected 
it only 75^. When the temperature was brought up to the freezing- 
point of bismuth, the German-silver and antimony elements gave a 
deflection of 88% while the others gave but 82^. 

Bismuth and Antimony, — A battery of these elements may be 
used where the object is to use feeble heat, as the fusibility of bis- 
muth will preclude a strong one. 

German-Silver and Carbon, — ^The carbon used for this battery 
was that carbon termed Graphite, a hard metalilooldng substance^ 
deposited in the interior of gas retorts. Grerman^silver is an. alloy of 
copper 50 parts, zinc 30 parts, and nickel 20 parts. 

The following table from Davis's Manual of Magnetism will give 
the deflections of the needle for different combinations of metaL 
These deflections admit of comparison with each other to a consid* 
arable extent, though not so strictly as if wires of the same siae had 
been employed in all the experiments. It must be remembered. 
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too, that as tne needle approaches the extreme angle of deflection 
90°, a much ffreater increase of the current is required to cany it a 
few degrees &rther towards 90^ than when !t is n&Bixer the zero. 
Hence a deflection of 40° does not indicate a current of half the 
po'wer^f OM of 80^, but considerably less. Nor can mbment^ 
deflections be compared with permanent <me8 in extending the 
power of die e&rrenta; as a coirent whioh, by its first impulsey 
causes tbi» needle to traverse a large arc, may not be able to main* 
tain more than a few degrees of steady^flection. (Ohanrnw.) . 
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Germmi-Bilver. 


Antimony .... 
Silver........ 

BnoB 

Iron , 

Palladiam .... 

Copper 

Cadn^imn .... 
Zino ...••..... 
Platinum . 


880 
860 
86° 
85° 
850 
86© 
86° 
84° 
81° 


German-silver. 

Silver 

Bismntb 

Platinum 

Carbon 


Carbon 

Antimony .... 
Anti.mo!Qyr> « * • 

Silver 

Palladiam .... 

Carbon 

German-silver. 

Carbon 

Antimony .... 


820 
880 
820 
780 
860 
85® 
880 
780 
750 
■ ■ ij 



In the experiments made above, the wires were not soldeved^ bal 
their eiid«( were brought in contact befinre the af^iiieatibn of heat^ 
and kept so till' the terminatkm of the experiment 

The tkemuhdieirie hatUry ooneists of a series of platee of Qerman* 
silver and brass, with their ends soldered together alternately at a 
^ery acute angle, and prevented fr<mi coming into contact by the 
interposition o^ paper or pasteboard. 

Bismuth and antimony may be used, but in this case the heat 
applied must be comparatively feeble (not over 300° F.), or the bia» 
muth witi be fused. 

The instrument termed the ThemKyMttliiplMr^ by. Melloni, is 
composed of alternate bars of antimony and bnmuth. This instni* 
ment is extremely susceptible to the influence of heat, even much 
more so than the air-thermometer, as by its aid Melloni determined 
the vital heat of insects. In the thermo-electrical battery, a current 
of electricity is developed by beating ^e c^posite ends of a series of 
dissimilar metals. The converse of this can also be attained ; for, if 
the voltaic current is passed through these series of metallic bars, the 
opposite junction will become heated on one side, while there will 
be a loss of it on the other. The reversal of the direction of tbd 
eurrent will likewise reverse the teiiq>erature of the ends of the 
battery. 
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Elbotrioit7 Dbyxlopsd bt tbx Vital Progxss. — ^AimcAL 

Elxctricitt. 

Seyeral fishes, sncli as the Torpedo unimaeulatei^ the Oymnotut 
eleetricuSj or Electrical Eel^ and the Electrical Ray^ have the power 
of generating qualities of electricity in their bodies, and which is pos- 
sessed also of great tension. In the electric ray the current proceeds 
from the upper sur&ce of the body to the under. In the gymnotus 
or electrical eel the cnrrent proceeds from the anterior to the pos- 
terior portion of the fish. The electricity, when conducted away by 
wires, disturbs the magnetic needle, and decomposes liquids such as 
the iodide of potassium. By using a magneto-electric coil the spark 
is obtained. These electrical organs of fishes consist of numerous 
cells, arranged in columns, and divided by septa, or small disks, not 
dissimilar to the plates in a galvanic battery. These septa are lib- 
erally supplied with large nerves, to such an extent as to exceed the 
rest of the nervous system of the creature. This electrical power 
appears to be wholly under the control of volition, by which the fish 
can withhold its electrical power, or release it by a mere effort of 
the will. This has led to the belief in the identity of the ner> 
Yous and electrical force, or if not their identity, to their great 
analogy. 

If nervous power can be converted into electrical force, it is philo- 
sophical to suppose that the electrical can be converted into the 
nervous. This idea has led to the introduction of electricity in the 
cure of disease, in the anticipation that those maladies which arise 
from the decrease of nervous force may be cured by furnishing a 
supply of it by the aid of the electrical. This appears to be con- 
firmed by the iiict that several diseased subjects have furnished in- 
stances of the nervous force being converted into the electrical ; and 
although there are instances of its production in abnormal conditions 
of the system, the electrical fishes supply us with the production of 
that force as a physiological phenomenon. 

Magkbtisu. 

If a current of electricity is passed in the vicinity of a magnetic 
needle, the latter will have a tendency to arrange itself at right 
angles to the direction of the current If the current flows from 
south to north, and the needle be above it, it will be deflected with 
its north pole towards the east If the current is reversed, or the 
needle is brought below the cnrrent instead of above it, then the 
north pole of the needle will be deflected towards the west If it 
were not for the influence of the earth's magnetism, the needle would 
in these instances arrange itself at right angles to the course of the 
current; but this being the case, the needle is deflected until it rests 
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ill a state of eaaiKbrium between the two foroes. All other known 
forces exerted between two points act in the direction of a line join- 
ing these points. But the conducting wire exerts a force which is 
at right angles to its own course, while the magnetic pole has a ten- 
dency to revolve around the current without increasing or decreas- 
ing its distance from it The force, therefore, is considered as exerted 
in the direction of a tangent to the circle in which the magnetic 
pole moves. 

If the current be supposed to pass downward, the north pole of a 
magnet, if free to move, would revolve around the magnet in the 
same direction of the hands of a watch if laid with its face upward. 
If the current flows upward, the pole revolves in the opposite direc- 
tion. The soutii pole revolves in the reverse direction to the north 
pole. If the current flows horizontally, the plane of the revolution 
of the pole will be vertical. 

A needle may be so arranged as not to be susceptible to the mag- 
netism of the earth, when it becomes vorysensible to the passage of 
a voltaic current in its vicinity. Such a needle is termed an astatic 
needle. It consists of two needles, one above the other, with the 
north pole of one opposite the south pole of the other. This needle 
is so arranged that the wire conveying the current is close to one of 
them, and therefore acts upon it, while the other, being further re- 
moved from it, is beyond tne influence of the current. When such a 
needle is acted upon by the combined influence of several wires wound 
into a coil, the instrument is termed a OcUvanometer, The wires in 
this case pass over the needle, and then turning, pass under it in the 
opposite direction. Both wires, therefore, conspire to move the 
needle in the same direction ; for it must be recollected that the 
currents, while passing above and below the needle, act really in the 
same direction in respect to the movements of the needle, if they pass 
in opposite directions. It was stated that the current, when passing 
below the wire, deflected the needle in the opposite direction to that 
when the current was passing above it ; and this would be the case in 
the galvanometer if the current in both wires flowed in the same 
direction. But it must be recollected that it flows in opposite direc* 
tions, and therefore the needle is deflected by the influence of both 
top and bottom currents. 

The galvanometer, or galvanoscope, measures only the quantity 
of electricity, and not its intensity. Machine electricity does not 
afiect the galvanometer, or but slightly, while the current from a 
small battery, or even one pair of plates, exerts considerable eflect 
npon it. If, therefore, the intense current from one hundred pairs 
of plates be sent through it, there is bnt little more deflection than 
if the current of a single pair of plates is used. The galvanometer 
therefore takes cognisance of the quantity of electricity, or of that 
which manifests itself in the decomposition of compounds, or the 
production of magnetic effects. 
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It WM ttoted Uiai if Uie pde of Om ai^iMl WM leftfimtaaofto 
in Uie TiciBity of » win coDvejiiig a cnmiifc of eiectricity, thai it 
would revoJve anmnd the wire. "Diii actioD it reoptocal, for the 
wire has m great a tendaocj to reyolve aromid the nu^^net m it h^ 
to revolve around the wire. If both are free to move thej revolre 
aroand each other, or in the eaine direction aronad a oomnoo 
centre of motion. If the magnet iiaelf ie the eondoetor of the car- 
rent, it will reTolre about its own axis. Apparatns has been con- 
stracied bj Palmer and Hall, of Boston, and by other philosophical 
instrument makers, to illnstrate this, where the cmreat being passed 
through a magnet fixed perpendicularly, and which being free to 
move, revolves rapidly arcHmd its own axis. In this case the current 
must be transmitted throiurh the magnet, only to its middle, where 
it is carried <^ so that only one pole revolves around the current. 
If the current were carried entirely through the magnet, the south 
p<^ would have a tendency to revolve in one direction, while the 
north pole would strive to revolve in the other, and the two Ibroes 
would equililwate each other, and there would be no motion at alL 

The GMrUof Ga lw an et e cpe. — ^Tlus instrument does not indicate 
the quantity <^ electricity, but is a very delicate indicator of its pres- 
ence. It IB composed of a strip <^ gold-leaf which passes down be- 
^een the two legs of a permanent magnet. When a feeble current 
of electricity is transmitted through w ffold-leai^ it is bent either 
towards one 1^ of the magnet or the other, depending upon the 
direction of the current, in either case having a tendency to move 
away from the poles of the magttPtt, or to revolve about them, the 
action of the current equally on both pdes conspiring to force the 
^d4eaf in a lateral direction from between the poles^ The direc- 
tion of the cuirenti and the presence of the feeblest currents^ are in- 
dicated by this instrument 

While transmitting a cuirent of electricity, a coil of wire mani- 
fests all the reactions of a magnet While one fece of .the coil e»- 
hilHts north polarity, the other shows south polarity. The poke 
are reversed upon reversing the direction of the current fij pla- 
eing a coil of wire between the poles of a permanent magnet, so 
that it is free to move, the cwl rapidly rotates while the current is 
passing through it This can only be attained by reversing the di- 
rection of the current twice during each revolution, by means of a 
pole-changer fixed on the axis of motion. As by this means the 
direction of the current is twice changed during one revolution of 
the coil, the polarity of the coil is twice cha^^, and thus the 
motion. A coil of a rectangpilar form will revolve with more rapid- 
ity than one of a circular form, from the fact that this form pre- 
sents the fece of the coil in closer proximity to the magnet^ and 
likewise the entire length of its legs. 
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Electricitt in referekcs to the Earth. 

If a pieoe of steel which has been rendered magnetic be sua- 
f)ended so as freely to move, it will arrange itself with one of its 
ends or poles pointing nearly north, while the other will assume a 
aonthem direction, or nearly in a pbme passing through the geo- 
graphical poles of the earth. It is probable that the magnet or the 
mariner's compass was known to the Chinese several centuries be- 
Ibre it became known in Europe. It was not until the eleventh or 
twelfth century that this important instrument became known to 
Europeans, while Klaproth informs us that the Chinese used thA 
compass in the second century, and that it was communicated to 
Europe from China through the Arabs. 

If a piece of steel be rendered magnetic, and then suspended in 
such a way as to possess perfect freedom ci motion, it will assume a 
determinate direction, which will c<HTespond nearly with the ge^ 
graphical poles of the earth. But if this needle be so balanced as to 
stand pecfeotly horizontal before it is maffnetised, after magnetisar 
tion one end of it will be found to have become heavier than the 
other, or to dip. In this hemisphere the north pole of the needle 
will dip, while in the southern hemisphere the south end will dip^ 
This dip decreases as we approach the equator, and increases as we 
draw nearer to the magnetic poles, until when there, the needle 
assumes a perpendicular position. At the equator it stands hori* 
Bontal. 

It was supposed for a long time that the maffnetism of the earth 
was caused by a vein or stratum of magnetic oxide of iron, which ex* 
tended in the direction of the poles oi l£e earth, and by itn attraction 
gave the directive tendency to the needle. Or, in other words, that an 
enormous magnet extended the length of the magnetic meridian, its 
poles being near the geographic ones of the eaith. But since the 
diseovery of the influenoe which a current of electricity exerts upon 
a magnet, causing it to assume a position at right angles to the di- 
rection of the corrent, another belief of the earth's magnetism 
gained credence with philosophers. It is supposed that currents of 
electricity are continually passing around the earth, near to its sur- 
face, and at riffht angles to the direction whi<5h the needle assumes, 
and that it is hy virtue of these currents that the needle is forced 
into the position of north or south, <Mr in a direction at ri^t angles 
to the course of the current These earth-currents are supposed to 
be thermo-electrio, and originate from the unequal heating of the 
earth by the solar rays. 

It will be recollected that it is the south magnetic pole which is 
nearest to the north geoffraphical pole, and vice versa ; fw it is the 
south magnetic pole which attracts the north pole of the magneti 
while the north pole attracts the south pole of the magnet. 
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The Aurora BoreoUU affects the magnetic needle consideiaUj, 
causing it to vibrate. This ensues especially if the anroral beams 
are near the zenith, while if they are near the horizon the needle 
is but little affected. These auroral beams are therefore supposed 
to be currents of electricity flowing from the poles of the earth to>- 
wards the equator. But the recent view of Sir John Ross is gaining 
credence, that the Aurora Borealis is occasioned by the action of tiie 
sun, when below the pole, on the surrounding masses of colored 
ice, by its rays being reflected from the points of incidence to clouds 
above the pole which were before invisible. If these views be true, 
how is it that the auroral beams affect the needle so strongly, espe- 
cially when they approach the zenith 9 

Induction of Magkbtisu bt the influence 'of a Magnet. 

When a rod of iron, or nickel, or cobalt, is brought in contact 
with the pole of a magnet, the rod itself becomes ma^etic by in- 
duction. If it be brought in contact, or in close vicinity of the 
north pole of the magnet, that end of the rod will be a south pole. 
That 18, the north pole of the magnet induces south polarity in 
the end of the rod nearest to it, and north polarity in the opposite 
end. If another similar rod be brought in contact with the lower 
end of the rod No. 1, the rod No. 2 will have magnetism induced 
in it from No. 1, the north end inducing south polarity in the 
nearest end of No. 2. Several rods may thus have magnetism in* 
duced in them, each rod becoming more feebly magnetic. If the 
rod be one of soft or annealed iron, the magnetism only remains so 
long as the rod is in contact, or is in the immediate vicinity of the 
magnet. But if the rod be steel, the magnetism remains permanent^ 
If the north pole of a bar-magnet be placed in contact with the 
middle of a bar of iron, then the place immediately beneath the 
pole will acauire south polarity, while the two ends of the bar will 
become north poles. If the north pole of the bar-magnet bo brought 
in contact with the centre of a circular piece of iron, its rim or cir- 
cumference will have north polarity, while the centre will manifest 
south polaritv. If it be in the form of a star or spur, the points of 
the star will have north polarity developed in them, while the centre 
will be a south pole. 

If the pole of the magnet be dipped in a number of small nails or 
tacks, they will adhere to it, each tack becoming a magnet by in- 
duction — some from the inductive acUon of the magnet directly 
upon them, and others from the secondary inductive action of those 
tacks upon others in contact with them. 

If the bar or armature be in the form of a Y, and the upper ter- 
minations of the bar be applied to the two poles of a U magnet, 
the lower portion of the bar will exhibit no magnetism. The reason 
of this is obvious ; for while the north pole of the magnet induoea 
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north polarity in that extremity of the armatore, the south pole 
induces south polarity into it, and thus the two opposite polarities 
neutralize each other. It is for this reason that a tnin piece of iron, 
if placed in contact with the end of the pole, will not adhera, for 
while the side of the iron which is nearest the pole acquires oppo- 
site polarity, the other side acquires a like polarity. The two poles 
being so near, neutralise each other, and the piece of iron slides to 
the side of the pole. Here it adheres, for the ends of the plate 
then become poles instead of the sides, and being farther sepa- 
rated than the sides, they do not neutralise each other, and con- 
sequently the plate adheres to the pole of the magnet 

The inductive action of a magnet is not destroyed or deteriorated 
by the interposition of any body which is not itself susceptible of 
magnetism. If a piece of glass be placed between the magnet and 
a piece of iron, the induction is just as strong as it would be were 
there nothing interposed. 

Although there are some analogies existing between magnetism 
and common electricity, still there are many instances where it 
fails. If a long cylinder have its two electricities separated by in- 
duction, the positive being accumulated in one end and the nega- 
tive in the other, the cylinder may be separated in the middle, and 
the two electricities may thus be obtained separate. But this is not 
the case with a magnet, for if it be fractured in the middle, we will 
not obtain south polarity on one side and north polarity on the 
other, but each half of the magnet will be a complete magnet with 
poles on each end. These halves may be again broken, and each 
fragment will be a perfect magnet, with its south and north pole as 
strongly developed as those of the original magnet. Thus, instead 
of a loss of the magnetic force there appears to be a gain. This is 
further illustrated in the ^ touching*' of magnets, where the steel 
after being forged in the proper shape for magnets, and being polish- 
ed, is brought in contact a number of times with a strong perma- 
nent magnet, and is thus charged. Any number of these magnets 
may be charged thus, while the original magnet really gains power 
by the operation. 

It is for this reason that armatures or keepers are kept in contact 
with permanent magnets, for by their continual reaction upon the 
poles of the magnet, its magnetism, instead of undergoing a dimi- 
nution of force, is thereby increased. 

Induction by the Influencb of a Current op Electricitt. 

K the current of electricity flows along a wire from the left hand 
towards the right, and a short iron rod be placed vertically in front 
of the wire, and close to it, the rod becomes a magnet, with its north 
pole below the wire. If the rod is transferred to the farther side of 
the wire, then the poles are reyersed* If the rod is held horizontally 



flboire the wire, ito noffth pole knamitotlie obaenrvr; and ifhdd 
below the wire, its sooth pole is neanst. If the rod is of soft inm, 
the magDetisiii disaf^wars as sooa as the correBi is fafoioeBy or tin 
lod is remored bejood its influence. 

In order that the stodeat naj have a r%ht eomprehension of the 
polanty of the magnet when acquired bj indoction fron a coirenti 
the foiiowing may be easily remembered. If the enrent is flowing 
along the wire downward, with a bar held before as at right angles 
to the direction of the current^ the e&d tofwards the ri^t hand will 
be the north pole, and the left-hand end the sooth pole, tf the 
direction o( the current is rerersed, that iS| flows npward, then the 
polarity of the bar is rerened likewise. 

Hiis cnirent of electricity is possessed of attrsctrre and repolnTe 
faces. I( while the current is passing along the wire, a needle 
sospeoded by a flne thread is broi^t dose to it, the needle is 
attracted by the wire. This can be more strikii^|;iy ilhatiaied by 
the magnetic needle, for if it is braogfat dose to the wire, with in 
poles iSe reveise of the iron rod referred to above, the current will 
repel it 

The following flgures from Davisi's Manual of MagnetiBm illua- 
tiates the action of the forces producing attraction and repakaoo. 




W represents the horizontal section of the conducting wire, in 
which the current is ascending, and N S a magnetic needle, whose 
poles are at equal distances from the wire. From W, as a centre, a 
circle is drawn, passing through the poles. The forces which move 
the magnets are tangents to this circle, and their directions are in- 
dicated by the arrows. It will be seen that the resultant of the 
forces, acting on each pole, urges the centre of the magnet towardi 
the wire. If the magnet h& transferred to the pontion N' S' on the 
other side of the wire, its centre is urged away from it. The ferae 
JaorpagM in proportran as the mi^et is nearer the wire Whea 
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'Aepoks are at -diSirant diateDces from the inre, the reiaUant of 
the tangential foveea.moTeB the magnet obliquely towards the wire, 
until its eentre oomea in contact with it. If there are tw4> cur- 
rents moving in opposite direetiona, one on each side of the magnetr 
ised bar, and at equal distances from it, thebr combined action urges 
the bar forward, until its oentre comes into the same line with the 
wires. In Fig. SO, let W be a horizontal section of a wire in which 
the current is asoending, and W' one in which it is descending. 



\^!^ / 







FifrSQ. 

The four small arrows indicate the tangents to the circle^ drawn as 
in Fig. 29, from W and W as centres. At the south pole of the 
bar, the direction oi the forces is nearly opposite, and they neutaral- 
ise each other in. a great degree ; at the north pole they approach 
to parallelism, and that pole is ursed forward by a force nearly 
equal to the sum of the two. As t^is force is onl^. opposed by the 
feeble one at the south pole, the bar moves in the direction indicated 
by the arrow below. When the magnet is not equidistant from the 
wires, it no longer moves in the direction of its length, as in the 
oat» but its centre is drawn towards the nearest wire with a force 
which IS accelerated as it aj^oaches. (Davis.) 

It is not believed that iron attracts the magnet, or that the cop- 
per wire through which the electric current is passing possesses these 
properties through any inherent qualities which may belong to those 
metals, but it is the current itself which possesses this force. If iron- 
filings are held against the copper wire while the current is passing 
through it, the filings will adha'e to the wire in consequence of the 
induction of magnetism into them, by which each particle of iron 
becomes a distinct magnet. The inductive action of the current is 
greatly increased by coiling the wir^ in the form of a helix. In 
Uiis case each turn adds to the power of the magnetism, until the 
turns have reached a certain limit, when it ceases. This wire, form- 
ing the spiral or helix, must be insulated by being covered with cot- 
ton, otherwise the wires will touch each other, by which the current 
would be prevented from traversing the length of the wire, but 
would take the more direct route across them. 

If a bar of soft iron is plaoed within this coil while the current is 
traversing the wire, it instantly becomes a stroufi^ magnet, the na- 
ture of the poles depending upon whidi direction the current is 
aent If oae end of the .helix ia supposed to be fronting the ob- 
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aerver, then if the current be sent through it from the obaenrery in 
the direction in which the hands of a watch move when the face is 
fronting us, then the end of the bar nearest to us will be the south 
pole, and the farthermost end the north pole. If the direction of the 
current is reversed, then the poles are reversed. 

This magnet is termed an eUetrxHnagnety and only retains its mag- 
netism BO long as the current is passing around it If the bar 
should be steel instead of soft iron, tnen, upon breaking the batteiy 
current, the bar will not lose all of its magnetism, but retaining 
some, will be converted into a permanent magnet. The best electro- 
inagnets are those which are made of the purest iron, and the most 
thoroughly annealed. The softer and purer the iron the stronger is 
the magnetism, and the more readily is it lost and gained by cut- 
ting off or closing the current 

K the helix consists of a wire of considerable length and thickneaB| 
and the current passed through it be one of considerable power, 
then if held perpendicularly, a bar of iron of some weight may be 
dropped into it without its falling through. It in fact remains there 
suspended in the air, without touching the sides of the helix. If the he- 
lix be of sufficient length and thickness, and the current of correspond- 
ing power, several pounds weight may be attached to the bottom of this 
bar without pulling it through. But if the current flowing through 
the helix is cut off, the bar instantly falls. If, while the current 
is flowing through the helix, a small steel bar be allowed to fall 
through It) the bar acquires magnetism as it passes through, this 
magnetism remaining permanent. 

If a magnetic nc^e is suspended by a thread near the north 
pole of this helix, it will pass into it with its south pole. If the cur- 
rent is then reversed, the needle will be repelled, and turning around 
will affain enter the coil, but with the nortn pole foremost If, how- 
ever, tne coil should possess sufficient power to reverse the poles of 
the steel magnet, then the effects just noticed will not take place. 

This strong inductive action of a coil or helix has been taken 
advantage of in the construction of some elegant apparatus illus- 
trative of it With large magnets and with heavy copper wire, or 
better still, copper strips, electro-magnets of great power can be con- 
structed, lifting several thousand pounds. If a loose coil of wire is 
slipped over two electro-magnets and the poles of the magnets be 
brought in contact, they will adhere with great force, although the 
coil need not fit the magnets close for that purpose. These are 
termed the Heliacal Bings^ and illustrate the great magnetic force 
which is derived from the voltaic current when circulatmg around 
soft iron. 

An electro-magnet with three poles can be formed by the proper 
construction. An iron bar is wound with insulated copper wire in 
one direction until the middle of the bar is reached, when the wire 
is carried around in the other direction until the bar is inclosed. In 
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that CM6 while the two ends of the bar would be similar poles, the 
middle of the bar would be the oppqpite pole. If^ for instance, the 
wire were carried around the bar in the direction of the hands of a 
watch when its face is fronting the observer, then the nearest pole 
and the farthermost one would be south poles, while the middle of 
the bar would be a north pole. If the direction of the current is 
leTersed, all of the poles will be reyersed. 

An instrument has been constructed termed the Mdffneiometer, 
being, as its name designates, an instrument for the measuring of the 
magnetising power of voltaic currents. It consists essentially of an 
electro-magnet of the U form, with an armature above it, which is 
attached to the short arm of a balance-lever. The large arm of the 
lever is graduated decimally to measure, by means of weights of 
from 100 grains to 10,000 grains^ the force required to detach the 
annature from the electro- magnet when connected with the battery, 
the power of which is to be determined. The lever is supported on an 
axis with knife-edge bearings. A difference of magnetising power 
of 10 grains can be estimated in a series extending from 100 grains 
to more than 100,000 grains, or the limit of saturation of the mag- 
net. Another form of magnetometer has been constructed which 
works by the axial force. The axial attraction of a double helix is 
used in this instrument, but the principle is the same, the lever be- 
ing pulled down in a ratio to the magnetising force of the voltaio 
battery made use of in the experiment. 

It will be recollected from our previous remarks and illustrationsi 
that when a current of electricity is passed through a coil of wire, 
that an iron bar brought with its end to the mouth of the coil is 
drawn into its hollow with considerable force. This has been termed 
the axial force. Upon this principle there are constructed several 
engines, as the advantage gained over those constructed with elec- 
tro-magnets is considerable, the principal one being the avoidance 
of the secondaiy induced currents, which, flowing m opposition to 
that from the battery current, of course weakens it, often almost to 
entire neutralisation. 

These axial engines are all constructed upon the same principle. 
An armature is forcibly drawn into the coils when the battery cur- 
rent is closed. Two coils, and often four, are placed side and side* 
The armature is formed not unlike a U magnet, the legs of which 
are drawn ipto the coils when the current is closed. This motion 
is converted into rotary motion by the usual mechanical contri- 
yance. 

The JSleetra-Magnetie Telegraph is perhaps the most important 
application of electro-magnetism that has been made. The tele- 
graph of Wheatstone, of England, works by the defection of a 
neolle. This telegraph is not so efficieut as that of Morse, which is 
used exclusively in this country. The telegraph depends for its suc- 
cess altogether upon the attraction of the electro-magnet for its arm- 



156 

stftre. It oomirtB thereibte tii the elsctio^magfUety its senatan, 'aiiA 
a lever. At the extremity of the lever there is a point wliieh preBsoi 
upon a strip of paper, whenever the tnagnet draws down the Keeper 
or armature. By this means we oaa produce a series of lines and 
dots, the length of the fortn^r, or of the spaces between tiiem, being 
regulated by the length of time ike battery cumsnt is closed by ths 
operator. The paper passes riowly under this steel point, being 
drawn ihrouffh by clock-work, while the operator, by means of the 
signal key, closes the current in accordance with the length of the 
lines he may wish to produce, or cats the current oflT agreeably ta 
the length of spaces he wishes introduced between the words^ These 
short and long lines, or dots and spaces, have their value as regards 
the alphabet, and thus words are transmitted with great rapidity by 
the practised operator. 

It was customary when the telegraph was first introduced to use 
two wires, one for conveying the current to the place whitlier the 
words were to be sent, and the other for its return. But the earth 
itself is now used for the latter purpose, it having been found that 
it is a sufficient conductor to convey the current back to the bat- 
tery. For this purpose the pdes of the battery and register avs 
connected with large metallic plates, which are sunk in the ground 
at each terminus of the wires. 

It formerly required a number of pairs or batteries to work th^ 
telegraph even for a comparatively short distance, but this has been 
obviated by the inventaon of the Receiving Magnet This is an 
electro-magnet of gj^Bt delicacy, which is placed at the termina^ 
tion of the wire. This magnet moves an armature only sufficient 
to make a contact between a platinum point and surface, which are 
placed in the circuit of another small oattery immediately on the 
spot This batteiy does all the work, as its current is only neces* 
sitated to traverse a short length of wire in its passi^ to the Mgis^ 
tering electro-magnet 

The axial force has been made available for the purpose of te]<^ 
graphing. In this case the marks are made upon the paper by the 
force which draws a piece of iron within a coil, as has been noticed 
before. This force was first suggested and the first engine con- 
structed for its use, we believe, by Daniel Davis, of Boston, but al- 
though more sensitive than the telegraph of Morse, has not yet 
been put into uae. 

The deflection of the gold-leaf galvanoscope has been suggested 
as a means of telegraphing. Its extreme delicacy to a current of 
electricity would be a strong recommendation to its use, but there 
would be no means of registering its deflections, while its suscepti- 
bility to atmospheric electrical influences would probably preclude 
Hsuse. 

The transmission of the electrical current through a wire is al^ 
most instantaneous. According to the latest experiments its velooi* 
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tf 18 eqtud to that of liglit throngli the planetary q>ace, or eqaid 
•to 200,000 miles in a second of time. (Qmelin.) 

Induction of Electricitt. 

IndaeUcm hy the injlvenei of a Current of £lectrieity. — ^Attraction 
and repulsion are exerted by electricity both ivhen at restuind when 
in motion. A body which is electrified by die machine-electricity 
irill attract an J repel light bodies which are brought in its vicinityv 
having previously induced eleotricity similar to its own or that of 
an opposite nature into them. If the substance is repelled, the 
electrified body communicates a portion of its own electricity to it; 
but if it is attracted, it induces the opposite electricity to its own in 
the end nearest to it. But a wire tmrough which a current is trans- 
mitted does not exert such influences upon light bodies. If two 
enrrents are fiowinff in the same direction they attract each other, 
and when passing m opposite directions they repel each other. In 
common electricity two bodies charged with positive electricity, 
or with negative electricity, repel each other; but if one of the 
bodies is charged with positive, and the other with negative elec« 
tricity, they attract each other. 

The attractions and repulsions of wires conveying voltaic currents, 
are termed magnetic attrections, as this species of attraction is not 
dissimilar to the attractions of two magnets when they are present- 
ed end to end. That this attraotion is really magnetic, may be il* 
lustrated by suspending two short iron wires over the wire which is 
transmitting the voltaic onrrent, when they will become magnetic, 
with the attractive and repulsive powers characteristic of the mag- 
net strongly developed. The current, with the peculiar attractive 
and repulsive powers it manifests, depending upon the direction one 
oorrent takes m reference to another, should be regarded as the pri- 
mary action, as it is undoubtedly the cause of the attractions and 
repulsions of magnets. The true explanation of magnetic attrac- 
tions and repulsions may be referred to these of electrical currents, 
the one or the other transpiring as these currents flow in the same 
direction, or in opposition to each other. 

But it is not necessary that the current should be transmitted 
through wires in order that these attractions and repulsions shall 
manifest themselves. Two streams of common electricity passed 
through a vacuum attract and repel each other, or this will happen 
through the air with equal &cili^. 

The attractions of a current may be witnessed by simply coiUnsr 
a wire into the form of a loose helix, and supporting it in a verticu 
position, with the lower end dipping into mereury. Upon passing, 
the current through it, the wire will spring up and down with great 
repidity. This is caused by the attractions of the different portions 
of the current ht itself as it passes around the spiral path, and this 
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attraction lifts the wire out of the mercury. This cats off the ear- 
rent, when by its elasticity the wire is forced into the mercnry ; bnt 
then closing the current again its attractive influence is exerted, and 
again the wire is lifted out of the mercury. If a bar-magnet is 
held into the helix, the movement becomes still more rapid. An 
iron bar introduced into the helix becomes a magnet, but only tran- 
sient if soft iron, but permanent if of steel. 

The jKlectro-DynanUc Revdving CoiU are an illustration of the 
attractions and repulsions of currents. They consist of a circular 
coil of wire which rotates on a vertical axis within a larger coiL 
The inner coil has its current reversed twice in each revolution, 
which is effected by means of a pole-chaneer fixed on its axis of 
motion. The attractions of the currents in tnese coils are the cause 
of their revolution. 

The Electro-Dynamic theory of Ampere has been generally 
adopted in the explanation of the phenomena of magnetic attraction 
or repulsion. It ascribes the action of currents upon each other, or 
of magnets upon each other, or of these exerted between currents 
and magnets, to the mutual attractions and repulsions of electrical 
currents. These currents are thought to be circulating continually 
in steel magnets, passing around the magnet at right angles to their 
axis. Thus the steel magnet is similar to the electro-magnet, and 
owes its magnetism to currents flowing around its circumference, as 
is the case we know with the electro-magnet. It is supposed that 
in steel each particle of the metal has currents flowing around it 
continually, and that by the process of charging, these currents, 
which previously flowed in every direction, are diverted into a uni- 
form direction, by which magnetic power is developed. In &ct, the 
magnetism of the earth itaelf is due to electrical currents flowing 
from east to west, and which currents are supposed to be thermo- 
electric, caused by the unequal heating of the earth's surface by 
the sun's rays. 

It was stated that the action of the force which the electric cur- 
rent exerts is in the direction of a tangent to a circle drawn around 
the wire conveying the current. The uieory of Ampere removes this 
anomalous action. The action of a current upon a maenet may 
thus' be stated : when the magnet is brought near to the wire which 
is conveying the current, and the magnet is parallel to the direction 
of the current, then the current is flowing at a right angle to those 
supposed to be flowing around the magnet The needle imme- 
diately arranges itself at right angles to the direction of the current, 
so that the currents flowing around its axis, and that flowing through 
the wire, shall be parallel. The attractions and repulsions of two 
permanent magnets may be accounted for upon the supposition of 
electrical currents flowing around their axes at all times. When 
similar poles are brought in each other's vicinity, then the cur- 
rents are presented to each other as flowing in opposition; but 
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wben tlie nortli pole of one magnet » broufflit to the south pole of 
another, then the currents flowing in piindleiism attract each other. 
This may be rendered plain bj substituting helices instead of mag- 
nets, when the corrature of the wire will indicate the direction of 
the flow of the current, and it will be found that the helices act upon 
each other as would two magnets similarly suspended. The revo- 
lution of a conducting wire around a magnet, or of a magnet around 
a wire, depends upon the same principle as the rotation of one cur> 
rent under the influence of another. 

The Induotion of a Currbnt on Itsblf. 

If the poles of a single oup of Smee*s battery are connected by a 
short copper wire, and the wire be disconnected with the battery, 
there will be no spark discernible at this breaking of the contact 
But if the wire connecting the poles be fifty or a hundred feet in 
length, then upon breaking its connection with the battery, a bright 
spark will be perceived. If this wire is coiled into a helix, the spark 
will be still more vivid. The length of wire necessary to attain the 
maximum effect, depends upon the intensity and quantity of the bat- 
tery, and upon the size of the wire. With the sulphate of copper 
battery, <Hr with several pairs of Smee's battery, a wire of 50 teet 
(No. 16) would probably be the proper length. If the wire is of a 
sreater length than this, it should be of a greater diameter ; and if a 
battery which possesses both greater quantity and intensity be used, 
then the length of the wire may be still further increased. 

When the wire is two or three hundred feet in length, a shock 
will be felt at the breaking of the circuit ; but if the wire is shorter, 
then the shocks can only be felt through the tongue. At the length 
of 500 or 600 feet the maximum of effect is <K>tained, and there* 
fore the addition of more wire only retards the effect If the bat- 
tery possesses greater quantity and intensity, the length of the wire 
may be increased before the maximum of effect is obtained. K a 
thin narrow sheet of copper, or a ribbon, is made use of, the bril* 
liancy of the spark is increased, while the shock is quite perceptible^ 
In this case the body must not be interposed in the direct circuit 
with the coil, as in that case the battery current will probably pos- 
sess too low an intensity to pass through the body. For the pur* 
pose of breaking the current with rapidity, a little instrument is 
used, called an EleetrotofMy which is often made to go by clock- 
work ; but the battery current itself is used more generally for that 
purpose, the circuit being broken by the alternate attractions of an 
electro-magnet for an armature, as will be described hereafter. 

The sparks and shocks which a long wire, or ribbon coil, gives^ 
are due to secondary currents that are induced in the wire at the 
instant of opening or closing the circuit The current which is 
derived from the battery is termed the primary current, while the 
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one of stall higher intensity is designated the indnoed seoondsry. 
It is the hitter alone which is felt as shocks npon breaking the cir- 
cuit as mentioned above. 

The primary and the secondary currents may be separated firom 
each other by the following arrangement : Pass the battery current 
through the spiral of copper ribbon mentioned above. Then attach 
wires, with handles to them, to a similar spiral, and hold this second 
one above the primary one, while the hands grasp the handles. If 
now the wire of one of the battery poles is drawn across a rough 
file or rasp, so that the current shall be broken rapidly, a succession 
of shocks will be felt proceeding firom the upper coiL As the wire 
in passing over the rasp disconnects the battery current, a secondary 
induced current is developed in the secondary coil. This is felt as 
fL strong shock, as it passed like a momentary wave through the 
body. In order that these shocks shall be distinctly felt, we coil 
must be a long one, and the battery one of considerable intensity. 
If a short coil is used, and the battery be a feeble one, then the gal- 
vanometer will have to be resorted to for the purpose of testing the 
passage of the currents or waves. Upon opening the circuit the 
needle will be deflected considerably, but will immediately return 
to its fonner position, indicating the developement of a wave of eIeo> 
tricity which was awakened in the upper coil simultaneously with 
the breaking of the battery current. While the battery current is 
flowing steadily there is no disturbance of the needle, therefore the 
developement of the secondary current is only at the moment of 
opening or closing the battery or primary current If the current 
of the upper spiral be passed mrough a helix, a needle placed within 
it will be magnetised, but the kind of polarity depends upon whether 
the current is developed by the breaking of the circuit of the bat- 
tery current, or by its connection or renewal. Therefore the current 
developed by the renewal of the battery current flows in one direc- 
tion, while the current which owes its existence to the breaking of 
the battery circuit flows in the other direction, so that as the 
polarity of the needle depends upon the direction of the current, its 
poles will be governed by whether the primary current is detached or 
renewed, or whether it owes its maffnetism to the initial or the (er- 
nUnal secondary current. The initial secondary current flows in the 
opposite direction to the battery current, while the terminal flows 
in the same direction. They do not proceed from the battery, but 
doubtless owe their existence to a disturbance of the electricity 
existing naturally in the wire. 

The initial and the terminal sparks can be obtained separately, by 
dipping the battery wire into a cup of mercury, instead of passing it 
over the rasp as described. When the wire is dipped into the 
mercury, a shock is felt. There is likewise seen a bright spark 
which manifests itself with a pretty sharp snap. When me wire is 
lifted out of the mercury, another shock is felt, and another spark is 
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Been* Bui it will be noticed that the initial produces the brightest - 
spark and the strongest shock. The initial current, therefore, is the 
strongest one, and as it flows in opposition to the battery cur- 
rent, it greatly interferes with the oonstruction of strong magnets 
for the purpose of power. It is found that these initial secondaries 
so interfere with the battery current, that when strong electro-roag^ 
nets are used for the purpose of power, they almost entirely neutral* 
ise the battery current, and that this interferenee increases with the 
magnitude of the magnets. The intensity of the terminal is but 
littfe increased by the addition of battery power, but this is not the 
case with the initial, which increases wiUi the addition of the prima- 
ry current ; and for this reason the addition of battery power requi- 
site to work powerful electro-magnetic engines, adds to the intend* 
ty of the initial secondary, and this flowmg in exposition to the 
battery current, neutralises it In quantity the two currents are 
equal, but the wire coil gives less quantity than the ribbon coil, or 
a wire coil consisting of larger wire. Thus the same battery, even 
if its current be one of quantity alone, is capable of inducing either 
a quantity or an intensity current in wires, depending upon the 
length and siie of the wire. If the wire is not too lon^ and is suffi- 
ciently thick, a quantity current is induced ; but if ue wire is of 
great length and is very thin, then an intensity current is developed. 

If the hands be dipped in the fluids of the last two cups of a se> 
ries of Smee's batteiy, whenever one hand is taken out of the fluid, 
or dipped into it, there is felt a pretty severe shoek. These shocks 
depend upon secondary ones, which are induced in the battery itself 
for the primary current of the battery passes through the body 
without being felt, the secondary battery current only being pos* 
sessed of sufficient intensity to produce shocks or sparks, unless the 
battery be one of considerable power. 

The interposition of a good conductor of electricity between the 

Srimary and secondary coils almost entirely neutralises the intensity, 
ttt a piece of wood or glass interposed, exerts no effect, while if a 
piece of brass or zinc be placed between the coils, the shocks will 
be scarcely perceptible. The quantity, however, is but little affectr 
ed, unless the interposed current be of iron, when it is diminished. 
If the metallic piece has a slit cut out to the cental in the direction 
of a radius, then the intensity is not at all affected, as the brilliancy 
of the spark will indioate. It is not necessary, in order to obtain 
secondary currents, that the primary current should be interrupted, 
for by altering the distance of the latter current, there are induced 
secondary ones in the coil. If the current be ' passed through the 
first coil heretofore mentioned, and the second coil be moved to and 
fiom it, the needle of the galvanometer will indicate the develope- 
ment <Mf a secondary current in the upper coil. This disturbance of 
the natural electricity of the coil can be illustrated by connecting 
the battery with the lower coil as before, and holding the upper 
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ooil near to it If, however, the plates of the batteiy be now raised 
and lowered in the fluid, the needle will indicate carrenta in the 
secondary coil. Thus a slight alteration of the qoantitj of the bat- 
tery current induces secondary currents in a wire placed in its 
vicinity. These currents produce a more prolonged effect upon the 
needle than those produced by breaking the current, as they last as 
long as the movement is continued, while the more rapid move- 
ment of the plates or coil induces a secondary of corresponding 
power. 

The reason why the conductor interposed between the two coila 
neutralises the intensity of the secondary, is referable to a second- 
ary current which is induced in the metallic plate itself. This cur- 
rent then induces a tertiary current in the upper coil, and which 
flowing in opposition to the secondary one induced by the battery 
current, neutralises it But when the interposed metal is divided by 
the slit which penetrates to its centre, then no secondaiy current is 
induced, and the tertiary noticed above has no existence. The 
same phenomena are produced by the introduction of a metal tube 
into the centre of a wire helix, but if the tube be sawed along its 
whole length, then the secondaiy induced into it will cease. 

The tertiary current can be separated from the secondaiy, by the 
employment of another coil, which must be held close over the 
secondary one, when its current will induce a tertiary one in the 
last coil. 

The initial and terminal tertiariee both flow in the opposite direc- 
tions to the corresponding secondaries, for each secondary current 
must produce two tertiaries, one when it begins to flow and the 
other at its termination. 

iNDUCTIOir BT THK IimUBNCK OF A HaoNBT. 

The department of the science which we shall now devote our 
attention to, is termed MagneUhehctridtyj because of the develope- 
ment of electricity through the influence of magnetism. If Uie 
current which is flowing through a coil surrounding an electro-mag- 
net be interrupted, there is a current induced in the wire. Or if 
there is a magnet brought near to the electro-magnet, there is induced 
in the wire surrounding it a current of electricity. That is, when an 
iron bar becomes magnetised, or demagnetised, there is induced in the 
wire which surrounds it a secondary current, the direction of the 
current depending upon whether the magnet approaches or recedes 
from the iron bar. If a second coil of wire surrounds the primary 
coil, there is induced in it an intensity current which gives strong 
shocks. This current is caused by the alternate magnetisation and de- 
magnetisation of the inclosed iron bar; but there is likewise another 
current excited, which is the result of electro-dynamic induction, 
and which is so associated with it that the two cannot be separated. 
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If a ooil of wire be passed over one of the legs of a U magnet and 
removed, the galvanometer attached to the terminations of the 
wires will indicate currents of electricity that are developed in the 
wire as the poles either pass into or out of the coil, the direction of 
the current being reversed as the wire passes up and down. These 
currents of electricity flow only while the coil is being passed over 
the leg of the magnet, and cease as soon as the movement ceases. 
By reversing the pole, the direction of the current is reversed. If 
a bar of soft iron is placed within the helix, and the pole of a mag- 
net is brought in contact with one of its ends, the sudden magneti- 
aation of the bar induces a current in the wire, but this current only 
manifests itself for a moment. When the contact is broken, another 
current of electricity is excited, but its duration is as transient as 
the other. These currents, therefore, are not due to the magnetic 
condition of the iron bar, but only to that disturbance incident to its 
sudden acquisition of magnetism, or to its loss of it. 

We therefore perceive that when a piece of soft iron is brought 
into contact, or in close proximity to a magnet, it becomes a 
magnet by induction, and that the sudden gaining of this magnet- 
ism, or the loss of it, induces in a coil of wire surrounding it, cur- 
rents of electricity which flows in opposite directions, and which, 
although transient, are possessed of great intensity. The best con- 
trivance for the production of these effects is to cause a bar of soft 
iron, inclosed in a coil of wire, to revolve with its ends coming in 
dose proximity to a strong permanent magnet. Such contrivances 
are termed Magneto-Electric Mackinee, and are extensively em- 
ployed for medicinal and other purposes. The most perfect instru- 
ments of this kind made in this country are those manu&ctured by 
Palmer and Sail, of Boston, successors to Daniel Davis. It is thus 
described : In these machines an armature bent at right angles is 
caused to revolve rapidly in front of the poles of a strong compound 
U magnet The magnet is fixed in a horizontal position, with its 
poles as near the ends of the armature as will allow the latter to ro- 
tate without coming in contact with them, llie armature it 
mounted on an axis, extending from a pillar to a small pillar be- 
tween the poles of the magnet Each of its legs is inclosed in a 
helix of flue insulated wire. The upper part of the pillar slides over 
the lower part, and can be ^tened in any position by a bending 
screw. In this way the band connecting the two wheels may be 
tightened at pleasure, by increasing the distance between them, 
uis arrangement also renders the instrument more portable than 
would otherwise be the case. By means of a multiplving-wheel, . 
which is connected by a band with a small wheel on the axis, the 
armature is made to revolve rapidly, so that the magnetism induced 
in it by the steel magnet is alternately destroyed and renewed in a 
reverse direction to the previous one. When the legs of the arma- 
ture are approaching the magnet^ the one opposite the north pole 
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acquirdB south pokrity, Mid the other north polarity* T^e mag- 
netic power ia the greatest while the armature is pasaiDg in front of 
the poles. It gradually diminishes as the armature leaves this pod- 
tion, and nearly disappears when it stands at right angles with the 
magnet As each leg of the armature approaches the other pole of 
the U magnet, by the continuance of the motion, magnetism is 
M;ain induced in it, but in the reverse direction to the pluvious one. 
'Aese changes in the magnetic state of the armature excite electric 
currents in the surrounding helices, powerful in proportion to the 
rapidity with which the magnetic changes are produced. The 
helices are so connected as to form a continuous coil. The ends of 
this coil are soldered to the segments of a pole-changer secured on 
the axis. Two silver springs press upon these segments, and convey 
the electricity to the two screw-cups. Although the currents in 
the helices are reversed twice in each revolution, they are turned 
into one direction by means of the poleK^anger. From the man- 
ner in which they are obtained, they necessarily vary more or less 
in power in the different parts of the revolution, according to the 
position of the armature. This primary magneto-electric current 
has too low an intensity to afford strong shocks. But secondary 
curreutB may be obtained by interrupting the primary circuit, as 
with the galvanic current. These have a mucn higher intensity, 
and give powerful shocks. One oi the springs pressing on the pole- 
changer is fixed by a binding-screw into a pillar, and the other in a 
similar one opposite. They are bent at right angles, and when both 
the horizontal and vertical portions are made to touch the segments 
of the pole-changer, the circuit is broken as the armature revolves. 
The horizontal parts simply bring the two primary currents into one 
course. For showing the sparks, another wire-spring, fixed in a pil- 
lar, is made to play upon steel pins set in the small wheel on the 
shaft. Shocks are obtained at every part of the revolution ; but 
with a moderate speed, they are most powerful when the legs of the 
armature are near the magnet. If the motion is very rapid, thia 
difference is less appeciable, and with a powerful machine, the tor- 
rent of shocks which then results becomes insupportable. The 
muscles of the hands which grasp the handles are involuntarily con- 
tracted, so that it is impossible to loosen the hold. The shocks 
are, however, instantly suspended by bringing the metallic handles 
in contact The metallic handles are plac^ m connection with the 
screw-cupsy for the purpose of giving shocks. When these are held 
in the hands, the arm connected mm the negative cup will be found 
most affected by the shocks. This is a physiol<^cal phenomenon, 
the current producing a greater effect upon the arm in which it 
flows downwards, in the direction of the ramification of the nerves, 
than upon the one in which it ascends. The initial secondary la 
too feeble to afford shocks, so that only the terminal secondary need 
be taken into account. The intensity of the terminal shock is^ how- 
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ewr^ cdiwtaiitl J TaryiDg, according ta the poeitioii of the annatnre 
in respect to the magnet, and the difference in the effect upon the 
two armatures is not so distinctly marked as with some of the instru- 
menta which will be described hereafter. The shocks may be regu- 
lated to some extent by varying the speed with which the armature 
is made to revolve. They are considerably lessened by partially 
neutralising the power of the steel magnet, oy placing an aiinature 
across it near the poles; also, by passing the current through a 
piece of wet cotton wicking, a few inches long, one end of which is 
connected by a wire with one of the screw-cups on the base-board, 
frcMD which the handle is removed. By grasping in one hand the 
handle connected with the other screw-cup, and in the remaining 
hand the disconnected handle, and touching a short wire attached 
to this to the wet cotton, the shock is diminished in proportion to 
the length of the imperfect conductor which the current is obliged 
to traverse. Slight shocks may be obtained from the primary cur- 
rent, by grasping the metallic handles connected with the screw- 
cupe. The wire which plays upon the pins must be removed, so 
that the circuit shall not be broken. It is also essential that neither 
of the springs pressing on the pole-changer should leave the seg- 
ment which it touches before it comes in contact with the opposite 
s^^ent. If thb is n^lected, the circuit will be interrupted at the 
pole-changer, and strong shocks obtained. When the screw-cups 
are connected with those belonging to the inner coil of the double 
helix and electrotome, and the central opening of that instrument is 
filled with iron wires, secondary shocks of considerable strength 
will be obtained from the exterior helix whenever the armature is 
made to revolve. The vibrating wire should be put in motion to 
break the primary circuit Bright sparks are at the same time seen 
in the mercury cups. The magneto-electric sparks are conveniently 
shown by passing the primary current of the machine through the 
clock-work electrotome, the vitotting wire of that instrument being 
set in motion. (Davis.) 

The primary magneto-electric current will decompose water or 
metallic salts. For tnis purpose the primary current is preferable to 
the secondary one. With solutions of the metallic salts, the metal 
is precipitated upon the negative wire, as in the case with the gal- 
vanic battery, if the current is reversed, the metal is dissolved off 
and transferred to the other pole. 

The magneto-electrical machine is now used extensively for eleo- 
tro-metalluigic purposes, and also for telegraphing, but for the latter 
it probably will never supercede the battery. 

An improved magneto-electric machine has lately been got up by 
Daniel Davis. The two straight armatures described in the forego- 
ing machine are used in this one, but they are much shorter, llie 
steel magnets are fixed with the south pole of one above the north 
pole of Uie other, at such a distance as just to allow the armatures 
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to pan between them. TlieBe are mounted, one on eath side of b 
Yertical shaft, in such a manner that both diall be passing between 
the opposite poles at the same time. They are made to rerolve 
rapidly by a mnltiplying- wheel. A pole-changer on the shaft con- 
veys the alternating current in a constant direction to the screw-cops 
with which the metallic handles are in connection. For giving shodoi 
the small wheel on the shaft is set with vertical pins, upon which 
plays an iron or steel wire connected with one of the screw-cupa. 
Brilliant sparks are seen as the wire passes over the pins. Tlie 
sparks are sometimes half an inch in length. The shocks are 
stronger than with the machine just described, and the decomposing 
power considerably greater. (Davis.) 

The instmment which is the most used for medical purposes, ia 
that which derives its electricity from the inductions caused by the 
alternate gaining and losing of the magnetism of electro-magnets. 
They consist of two helices, the inner one of which is of coarse 
oopper wire, while the outer helix is of fine wire. Both these wires 
must be well insulated. In these machines the magneto-electric 
current is obtained, associated with that referable to electro-dynamic 
induction. Inside of the inner coil there is an eleotro-magnet, beinff 
composed generally of a bundle of soft iron wires. These are used 
in consequence of their power of gaining and losing their magnetism 
with greater facilitv than a solid bar. When the current from the 
battery is passed tnrough the coil of coarse wire, or the inner one» 
the iron wires become strongly magnetic, and induce in the outer 
coil an initial secondary current of great intensity. When the cui^ 
rent of the battery is broken, then a terminal secondary is induced 
in the fiue wire, and which flows in the opposite direction to the 
initiaL Thus by a contrivance by which the attractions of a small 
electro-magnet break the battery current, a torrent of secondary 
currents is developed in the fine wire surrouiiding the coarse. 
These secondary currents possess great intensity, and therefore give 
powerful shocks. If the wires are entirely withdrawn from the 
inner coil, then the shocks become scarcely perceptible. These 
shocks are not magneto-electric, but are wholly electro-dynamic 
If a glass tube is put over the iron wires when they are within the 
helix, it does not inteifere with their inductive action. But if a 
metallic tube is slipped over tbem, such as a brass one, the induc- 
tive action is suspended. The reason why the brass tube neutral- 
ises the inductive action of the wires may be thus explained : The 
magnets induce in the tube a secondary current which flows around 
it This secondary current induces a tertiary one in both of the 
coils. These flow in an opposite direction to the secondary current 
induced in the coils at the same time by the magnet, and therefore 
neutralise them. For this reason the cups of the magneto-electric 
machines are always sawed through, so that closed currents shall 
not circulate through them, and thus retard those cirenlating 
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throQgh the wires. If the tenniiuitions of the fioe wire coil which 
surrounds the coarse one are joined toffether, there will be formed 
around the magnet closed currents, whicn will lessen the secondary 
current in the coarse wire. A metallic cvlinder surrounding both 
helices, will also exert a neutralising effect upon their induced cur- 
rents. When a bar of iron is placed inside toe inner coil in place 
of the wires, there is formed around its circumference a closed cur- 
rent, or secondary current, similar to that in the brass tube, and 
which partially neutralises the currents in the wires. It is for this 
reason that the wires are more available than the solid bar, while 
the former lose and regain their magnetism with more rapidity than 
the latter. 

By sawing the brass tube through its length, the circulation of 
the closed currents is prevented, and thus its neutralising effects are 
destroyed* 

If the solid bar is sawed through longitudinally to its centre, then 
the circulation of the closed currents is prevented, and the neutral- 
isation of the secondaries in the wires does not take place. Still 
the wires give the strongest shocks, and are therefore generally used 
for the purpose. 

Inductiok bt thk Influbnob of the Earth. 

Although the magnetism of the earth induces a current of elec- 
tricity, still it is so feeble that it is difficult to render it sensible by 
wire coils alone. If a long wire helix is placed in a vertical plane 
and revolved, the galvanometer will indicate induced currents. The 
helix must revolve in the magnetic meridian, and must move with 
great rapidity, the currents bemg transmitted in one direction by 
means of a pole-changer fixed upon its shaft 

If an iron bar is put inside of this helix, then the current becomes 
stronger. Revolution of an electro-magnet suspended delicately 
upon two wheels, may be produced by the nuignetism of the earth, 
wnen the battery current is used for the purpose of giving polarity 
to the electro-magnet In this instrument the polarity of the elec- 
tro-magnet is changed twice during each revolution, and being free 
to move, the magnetism of the earth moves it around, either verti- 
cally or horizontally, depending upon the manner in which the in- 
strument is suspended. These magnets, when constructed with su^ 
ficient delicacy, revolve with great rapidity. 

Phtsiolooical ELEOTRicrrr; and thb Appuoation of Elbo- 

TRIOITY TO DiSBABB. 

ThaleSj who flourished six centuries before the Christian era, was 
the first to discover that amber is possessed of certain propertida 
which we term electrical. The phenomena which amber 
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when excited, led this philosopber to snppoee thai H w» animated. 
Then Tkeophrasiui of Ere9U9^ one of the most iUostrioas pnpils of 
Aristotle, three hundred years after the time of Thales, m;tde the 
discovery that tourmaline had the property of attracting tight bodies 
after being excited by friction. For ages after that time nothing 
further was elicited regarding electricity until Dr. Gilbert, of Eng- 
land, published a work on magnetism, in which the attention of the 
philosophical world was called to seyeral new fiicts in electricity. But 
in the year 1746 the ley den jar was introduced, and the surpri>ing 
effects of frictional electricity became generally known. Its medical 
powers were then thought to be illimitable, and it was indiscrimi- 
nately applied to the most opposite diseases. Such empiricism soon 
caused it to fall into disrepute, and it was not until the commence- 
ment of the present century that really scientific men resorted to it 
as a curative agent of great power. 

Frictional electricity is but little used for the purpose of curinfir 
disease, although the reports of cases treated at Guy s Hospital 
London, would not justify us in entirely excluding that agent from 
the materia medica. 

The theory of the electrical machine may be stated as follows : 
The electricities of the rubber are separated by the friction caused 
by turning the handle of the machine, or the electricity is said to 
be decomposed. The positive electricity remains upon the glass, 
while the negative adheres to the rubber. The rubber would, there- 
fore, soon develope no more positive electricity, if insulated. To 
prevent this, the rubber is connected with the earth, by which 
means the supply of positive electricity is kept up and the negative 
state neutralised. The positive electric portions of the glass coming 
during its revolution opposite to the metallic points on the con- 
ductor, act powerfully by induction on the natural electricities of 
the conductor, attracting the negative, which being accumulated in 
a state of tension at the points, darts off towards the cylinder to meet 
the positive fluid, and thus restores the neutral compound. The 
conductor is therefore left positive. 

Positive electricity is developed on glass, when it is rubbed with 
a woolen cloth ; and negative electricity is developed upon a piece 
of sealing-wax, or shellac, by the same process. One species of elec- 
tricity cannot be produced without a developement of the other. If 
two substances are rubbed together, and produce electrioity thereby, 
one of them will be positively electrified, and the other will be neg- 
ative. 

It has been mentioned that several spedes of fishes have the power 
of producing electricity at will The Ghymnotus^ or electrical eel, is 
perhaps the most remarkable in this respect. Also the Torpedo^ 
which often attains an enormom size, and gives shocks which will 
prostrate a man. This electrical power appears to be under the 
dominion of the wiU of the animal, and is doubtless the suddeft 
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conrenion of the nwiroQa into the electrical force. If this be tbe 
case, then it is not unphiloBophical to sappose that the converse 
can be attained, the conversion of the electrical into the nervons 
force. 

Besides the fishes alluded to above, there are doubtless insects 
which possess the power of developing electricity. The hydra, a 
fresh-water polype, is thought by naturalists to possess the power of 
giving an electrical shock, as it appears to instantaneously paralyse 
large worms and other creatures which come within the influence 
of its long tentacula. 

The nervons system of many animals is very susceptible to the 
influence of a current of electricity. In the case of the frog, and 
several other animals, the motions and sensations produced by the 
voltaic current are some of the most delicate tests of its existence. If 
a strip of silver and another of zinc are brought into contact when 
touching the thigh of a grasshopper recently killed, the leg will 
extend and contract, depending upon the manner in which the 
metals touch it, or are brought into contact themselves. 

If the legs of the fit^ are prepared by removing a small portion 
of the lumbar vertebrse, with the extremities attached, and the poles 
of the feeblest battery be applied to them, their contortions will 
indicate its existence. 

These experiments prove that the nervous system of animals is 
extremely susceptible to the influence of a current of electricity. If 
the susceptibility of the nervous system is so manifest when such a 
delicate agent is applied to it, may not that agent exert some eflfects 
upon it when in a state of disease, which may alleviate it t The 
anatomical relations of the nervous system to the electric organs of 
fishes ; the evident exhaustion of the nervous energy during the 
production of electricity in that organ ; the apparently equivalent 
production of electricity, in proportion to the quantity of the ner- 
vous force consumed ; the constant direction of the current pro- 
duced, with its relation to what we may believe to be an equally 
constant direction of the nervous energy thrown into action at the 
same time — all induce me to believe tnat it is not impossible, but 
that on passing electricity perforce through the or«in, a reaction 
back upon the nervous system belonging to it mi^t take place, 
and that a restoration, to a greater or smaller degree, of that which 
the animal expends in the act of exciting a current, might perhaps 
be expected. So, perhaps, in those oi^ns where nature has pro- 
vided the apparatus by means of which the animal can exert and 
convert nervous into electric force, we may be able, possessing in 
that point of view a power far beyond that of the fish itself, to re- 
convert the electric into the nervous force. (Faraday.) 

From the above language of Faraday it would not seem impossible 
to convert the electrical into the nervous force, and it was perhaps 
with such hopes, that the ablest physicians of the present day are 
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directing their attention to electricitj as a potent agent in the aUe- 
viation of many of the maladies which afflict the human fiimilj. 

The remarks of Dr. Channiog upon the analogies existing between 
the nervous force and electricity are so close to the point, that we 
shall quote them here. The physical agent residing in the nervous 
system, and also in the tissues, bears a remarkable analogy to elec- 
tricity in its three principal characteristics — ^the exertion of attrac- 
tive force, the control of chemical affinity, and the rapid transmis- 
sion of impulses. It will be observed that these analogies are much 
more striking and fundamental than any offered by magnetism or 
chemical affinity, where electricity exists in other and undisputed 
combinations with matter. The impulses connected with volition 
and sensation are propagated along the nervous cords with the same 
dependence on the integrity of conductors as in the case of galvan- 
ism, though with a modified law of conduction. The chemical 
changes effected by vital force take place under an affinity like that 
in nature, alone supplied by electricity. We not only find this ex- 
erted by the ultimate particles of the tissues, but we have an exam- 
ple of the polar decomposition of common salt taking place between 
the secreting organs of the stomach and liver, muriatic acid appear- 
ing at the one, and soda at the other, in the course of their natural 
functions. This correlation of electro- chemical powers in different 
organs is evidently due, not to the vital force in the tissues of those 
organs, but to the agency of the nerves, supplying them and unit- 
ing their functions. The vital force, therefore, in both its manifes- 
tations of the nervous system and of the living tissues, modifies ex- 
isting electro-chemical affinities as by the power of electricity itself. 
The attractive force developed in muscular and other living tissues, 
producing the effect of motion, bears a close analogy to the attrac- 
tive force so suddenly communicated to, and withdrawn from, the 
particles of magnetisable bodies by electricity. 

Whether electricity and the vital force be identical or not, ex* 
periment has proven that they bear a veir close analogy to each 
other — so close that the one may be substituted for the other ; for 
we can now say, with Dr. Wilson Phillip, that ^ we have seen that 
galvanism is capable of performing ail the functions of the nervous 
power so called." We know that it is capable of stimulating the 
muscular movements of animal and organic life, that it will promote 
secretion and absorption in the proper organs, affect nutrition and 
influence the capillary circulation, besides exciting all other func- 
tions to the full extent of their dependence on the nervous system. 
(Ohanning.) 

In his remarks upon the effects of galvanism npon the digestive 
organs and the liver. Dr. Wilfton Phillip says that ne has repeatedly 
Been fix>m it the same effect on the biliary system which arises from 
calomel — a copious bilious dischaige from the bowels coming on in 
a few hours after its employment 
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Perfaapa there oonld not be a more striking proof of the stimula- 
tiYe effects of electricity than is effected npon the nerves of special 
tense. Bj passing a voltaic current through the nerves connected 
with vision, hearing, taste, or smell, a flash of light, a sound, a me- 
tallic flavor, or a peculiar odor, is at once perceived. Of course 
these sensations are but the stimulation of the nerves conveying the 
current, each nerve giving its own special function. 

The following statement of the relations of electricity to the ner- 
vous system is by Mattenoci, and gives perhaps as precise a view of 
the subject as can be given in the present state of tne science. He 
observes that electricity differs from any other nervous stimulant — 
1st) in that it excites sensation at one time and contraction at 
another, according to the direction in which it traverses a nerve ; 
2d, in that it does not excite a nerve when passing through it trans- 
versely ; 3d, in that neither contraction nor sensation are produced 
when its influence upon a nerve is prolonged ; 4th, in that it alone 
has the property of increasing or duninishing the excitability of a 
nerve accordiog to the direction in which it is made to flow ; 5th, 
in that it has Uie power of awakening the excitability of a nerve 
after all other stimulants have ceased to act. Beyond this, how- 
ever, as might be anticipated, electricity reacts with the vital agent 
of the tissues, as well as of the nervous system. Thus, when a gal- 
vanic current is sent through a limb, in the opposite direction to 
the motor nervous current, a muscular contraction takes place, 
which 'Marianini has called idiopathic, or the result of the imme- 
diate stimulus of galvanism on the muscular tissue ; but when the 
current is sent in the direction of the ramiflcation of the nerves, a 
stronger or sympathic contraction takes place, which i» the product 
of both the electric and nervous stimulus. Thus when the nerve of 
a frog is exposed, contractions of the muscles supplied by it are 
only produced when the current flows through the nerve in the 
direction of its ramifications ; but they are produced in a muscle in 
whatever direction the current flows througn its tissue. 

It has been observed that there are constantly currents of electri- 
city ensuing between organs deeply seated and those which are 
superficial. These organs differ both in temperature and in chemi- 
cal constitution, and ^erefore they must sustain constant cun^nts, 
whose existence must exert considerable influence upon their health 
or disease. Likewise in the organs of secretion, where fluids of dif- 
ferent constitution are separated from each other by very thin mem- 
branes, there really exist all the conditions necessary to form gal- 
vanic currents of considerable energy. These currents must cer- 
tainly have a tendency to alter or modify the secretions, or to 
enhance or depress the vital force. For these reasons electricity has 
been deemed a potent agent for the alleviation of disease, and its 
application to various forms of maladies is now considered a legiti* 
mate department of medicine. 
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In the jear 1844 the writer of these lines lostitated a series of 
experiments for the purpose of transferring substances through and 
from the human body by means of the voltaic current. In one hand 
was placed a rod, wet with a solution of the iodide of potassium, and 
in the other a similar rod, moisteDed with a solution of starch. In 
the hand holding the salt of iodine was placed the negative pole of 
a battery of six of Grove*s cups. In tlie other hand was placed the 
positive pole. In a few minutes the latter pole was surrounded with 
a deep-blue iodide of starch. This experiment was varied in several 
ways, but the same result was obtained, proving the passage of the 
iodine from the negative pole, through the body, to the positive 
pole. 

A person who had been taking a considerable quantity of blue- 
pill, for a syphilitic taint, was taken for the next experiment. His 
feet were placed in a foot-bath which contained some water acidu- 
lated with hydrochloric acid. The feet were made to rest upon a 
plate of copper, polished carefully. The negative pole of the battery 
was attached to this copper plate, while the patient held the positive 
pole in his hand. In half an hour the copper plate was coated with 
what appeared to be a white powder. So thickly was this coat 
thrown upon the copper, that the impression of the foot, and espe- 
cially the toes, was left strongly imprinted upon the plate. Upon 
examining the plate with a magnifying-glass, this white substance 
was found to consist of innumerable minute globules of mercury. 

These experiments were published soon after in the Gin'cinnati 
Daily Commercial newspaper, and in the September number of 
Hines' Heraid of Truik for 1847. Since that time, this subje<A of 
the withdrawal of mercury from the system has become agitated, 
and instances are plenty in which it has been withdrawn from the 
system. The electrolysis of mercury from the system will prove, 
in a striking manner, the great benefit which voltaic electricity is 
conferring upon suffering humanity. 

Since the employment of electricity in the cure of disease has 
been rendered popular, and, we may add, rtgpeclahle, by the able 
physicians of England, who have devoted their talents and learning 
to it, there has been elicited much valuable information in regard 
to its application. It was soon discovered that the direction in which 
the current was sent exerted an influence upon the result of the appli- 
cation ; for that while the current sent in one direction was followed 
« by a curative effect, the current sent in another direction was fre- 
quently attended with injury. It was also ascertained that there 
are certain diseases which require for their alleviation an increase 
of the electricity circulating in the nerves ; that th^e are others 
which require a decrease of the electricity existing within the or- 
gans, while others require a stronger current which shall produce 
decomposition. 

As Uiis work is devoted more especially to the medical student| 
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we sball not only give a list of the diseases in wliich the voltaic 
current is available, bat we shall give with the enumeration of the 
disease the method of applying the current as prescribed by the 
ablest physicians. For the remarks which follow upon the treatment 
of disease by electricity, we are principallv indebted to Dr. R. M. 
lAwrence, of Berlin. The therapeutic application of electro-galvan- 
ism requires no less consideration thim that of any other powerful 
remedy. In applying a current of electricity to the hunuin frame, 
the object is to act upon the static electricity of the body. By the 
application, for instance, of the positive pole, the corresponding elec- 
tricity contained in the body (which is in a state of equilibrium) is 
set free, and circulates in large quantities in the nerves, the combi- 
nation of the positive current from the apparatus with the negative 
of the body, forming a neutral compound. An opposite result, of 
coarse, follows the application of the negative pole. The normal 
cnrrent circulating in the nerves should be increased when there is 
a deficiency of electricity in the system, and increased when there 
is an excess. In health there exists a certain quantity of the electric 
fluid in the nerves, which is increased or diminished by disease. 
With regard to the use of this remedy, it is important to observe 
that, in treating the diseases enumerated in the first and second 
division, the application ought not to be painful. The sensation 
produced by the passage of the current should be no stronger than 
the slight pricking similar to that felt in a limb whi<di is asleep. 
When it exceeds uiis, the implication is not attended with so much 
benefit. 

The diseases mentioned in the third division require to be acted 
upon more powerfully — ^and the closer approximation of the elec- 
trodes causes greater pain ; but the application being merely local, 
it is not followed by any unfavorable constitutional symptoms. 

As a general rule, the application of the electric current to the 
diseases named in divisions first and second should not be continued 
longer, when only applied to one part, than from ten to fifteen min- 
utes ; but, should it oe thought desirable to apply it more generally, 
the length of the application may be extended to from twenty to 
thirty minutes. Persons of great nervous susceptibility will some- 
times be met with, who cannot bear it for so long a time. 

One application a day is usually sufficient ; but there are cases 
which derive benefit from a more frequent use of the remedy, and 
others again who require it only on alternate days. The feelings 
of the patient must be consulted in regulating the strength of the 
current; but the weakest power should be commenced with, and 
gradually increase the strength so long as the application does not 
induce pain. 

In those cases which require an increase of electric activity to 
supply the deficiency of the current in the nerves, the j^gative elec- 
trode must be placed either on the spinal column, the forehead, the 
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templea, or nape of the neck ; and the positive applied to the fee% 
hands, or abdomen, according to the part affected, which it is necea- 
•aiy to bring as much as possible under the direct influence of the 
electric fluid. 

In those cases which require the quantity of electricitj circulating 
in the nerves to be diminished, the positive pole must be placed on 
the back, the negative on the part affected. 

In the diseases alluded to in the third division, where the local 
applieation of the electric current is to produce chemical decompo- 
sition, no indications can be given ; and the mode of applying the 
current must be left to the judgment of the student 

The electric current can be more advantageously and convenient- 
ly applied by another than by the patient himself as the physiciaa 
is able to employ a larger quantity of the fluid, with no more sen- 
sation to the patient than the slight crackling he would experience 
on rubbing a cat's back the wrong way of the coat. When applied 
in this way, one electrode is placed on the patient, the other n 
grasped by the operator, who with the back of the fingers of the dis- 
engaged hand gently rubs the part affected. 

Although frequently very decided relief is obtained by a single 
application of electricity, it must not be looked for as an invariable 
result Chronic affections of long standing require perseverance in 
the continued use of the remedy ; and there are few cases whichi if 
they do not absolutely yield to its influence, at least derive some 
benefit from it. We do not advocate this remedy to the disparage- 
ment of other modes of treatment, but regard it as a very impor- 
tant auxiliary ; and our own experience beus testimony to its value 
in combination with medicine, where it is probable that either tried 
singly would have failed. 

B1SKA8E8 IN WHICH THK FbEB ELBCTRICrTT IN THB NkRVKS 

SHOULD BB INCRBASKD. 

General Debility, — ^The employment of the electric current in 
this malady is invariably attended with benefit. It must be applied 
chiefly to the back when the debility is general, and to, or as near 
as possible to the part affected, when it is more local. At the same 
time, attention to the diet, combined with judicious medical treat- 
ment, will materially assist the cure. 

Incontinence of Urine, — Apply one pole to the bladder, whilst 
the other is applied over the pubes. 

Paralyde of the Bladder, — Electro-galvanic currents have been 
successfully applied to the bladder, where from over-distension, dur- 
ing labor, it has lost the power to expel its contents, requiring the 
daily use of the catheter. The electro-galvanic current speedily 
restores the organ to the dominion of the will. In hysteria, paraly* 
lis of the muscular fibres of the bladder, or spasm of its sphincteri 
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cometimes occurs, which an electro-galvaDio current will succeed in 
removing. 

Amenorrhea. — (Absent and euppressed Menstruation,) — ^There 
are two very distinct classes of amenorrhoea, one where the menses 
have never appeared, and which has received the name of absent 
menstruation ; the other, in which having continued regularly for 
some time, they have ceased : this is called suppressed menstruation. 

In those cases where no congenital malformation exists, the appli- 
cation of the electric current will always be attended with success^ 
even after all the usual remedies have been tried in vain. In this 
disease it is essentially necessary to combine medical with electrical 
treatment. The first object is to strengthen the system by a well- 
arranged, nutritious diet, moderate use of wine, exercise, and some 
preparation of iron ; and when we have succeeded in improving the 
general health, but failed in producing the menses, we must have 
recourse to those remedies which possess a specific power over the 
uterine secretion, and the one I have never found to fail is electricity. 

** In electricity,'' observes Dr. Bird, ** we possess the only real 
direct emmenagogue with which the experience of our profession 
has furnished us. I do not think I have ever known it to fiiil to 
excite menstruation when the uterus was capable of performing this 
function. Disappointment will, however, most certainly result, if we 
have recourse to electricity, merely because a girl does not menstru- 
ate ; we must never lose sight of the &ct, that, after all, the large 
majority of cases of amenorrhoea depend upon an anemic condi- 
tion, and that the patient does not menstruate simply because she 
has no blood to spare. Nothing can be more ridiculous than apply- 
ing electricity, or any other local stimulant, to the uterus, when 
chlorosis exists; the first great indication will be to restore the 
general health, give iron to make up for the previous deficiency of 
mat element in the blood, and then, and not before, think of stimu- 
lating the uterus. A few shocks transmitted through the pelvis, 
seldom, if ever, fail- in effecting menstruation.*^ We have repeat- 
edly known the catamenia, although previously absent for months, 
appear almost immediately after the use of electricity ; in more than 
one case the discharge actually appeared within a few minutes. 

Flooding during Labor, — 'fh^ voltaic current has been used with 
the greatest success in flooding during labor, and for the purpose of 
causmg a contraction of the uterus. In numerous cases wnicn have 
been tried, the application of the current induces contraction when 
ergot has entirely failed. For this purpose the current should be 
sent both along the longitudinal and transverse axis of the womb. 
The great advantage of the voltaic current is its speedy action, for 
while the ergot, when it does act, is frequently an nour or more in 
doing so, the voltaic current produces almost instant contraction. 
Such is the value of the voltaic current in labor, that Dr. Dorring- 
ton, of England, said, in his address before the Manchester Medical 

12 
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Society, that ** Galvanism is one of the most valoable additiona 
which has been made to onr obstetrical armamentarium in modem 
days." 

ffypoehondriasis and Hysteria. — Electric cnrrents have been ap* 
plied in the treatment of these diseases with the most satisfactory re- 
sults. It is first necessary to restore the energy of the braiu and nervous 
system, and to improve the general health. The first application is 
usually followed by some improvement, but the treatment must be 
contiuued for two or three weeks to produce permanent benefit. 
The application should be made by rubbing the part to which the 
electric fiuid is applied, either with the hand, or by the application 
of a sponge. 

Indigestion, — ^The beneficial influence of the voltaic current is 
experienced after a few applications by the removal of the nausea^ 
distension, weight, oppression, and spasmodic pains of the stomach, 
the general languor and debility, and by giving tone to the stomach. 
The current is passed through the region of vie stomach. The ap- 
plications of the poles must be through sponges wet with water or 
spirits of wine. 

Constipation, — ^The voltaic current is a safe, genUe, easily-regu- 
lated means of acting on the bowels to any required extent, whether 
the intention be to produce brisk evacuation, or to imitate the pro- 
cess of nature. The current should be passed from the nape of the 
neck to the abdomen, and across the abdomen in the direction of 
the transverse colon. 

Aphonia, or Loss of Voice, — ^The passage of the voltaic current 
through the larynx, in the treatment of this complaint, is attended 
with the most gratifying results. At the same time the general 
health must be restored by the use of tonics, <kc. 

Deafness, — The voltaic current is of great benefit in all cases in 
which no organic changes have taken place. Also in nervous deaf- 
ness, when me infirmity proceeds from general debility, and varies 
in degree with the weather and general health of the patient The 
application should be made with great care, and should it produce 
a humming noise in the ear, the patient may be sure that it is doing 
good. 

Amaurosis, — The impairment of vision, which is the first and 
most prominent symptom or this disease, arises from some change 
in the retina, optic nerve, or brain. It may be caused by long-con* 
tinned exertion of the eye in viewing minute objects, exposure to 
glaring light, by an exhausting disease, by certain narcotico-acrid 
poisons, or it may be a consequence of organic change, inflamma- 
tion, Gt concussion. This disease has been treated most successfully 
by the voltaic current, but the application requires to be conducted 
with great care, and never should be attempted by those unacquainir 
ed with the minute anatomy of the delicate organs which are the 
■eat of the disease. This disease has been succesfifully treated by 
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{ranctaring the frontal nerFe and the superior maxillarj nerve. Many 
oases of imperfect amaarosis^ with or without paralysis of the mus- 
cles of the eye, have been relieved in almost eveiy instance. It has 
been proved that the puncture of the orbital branches of the fifth 
pair of nerves is by no means dangerous. 

Paraly^U. — ^When this disease proceeds from any other cause 
than congestion or cerebral mischief it is invariably benefited by 
the voltaic current. In cases of long standing the iDn>rovement 
progresses slowly, in consequence of the new tissue which has been 
deposited and become oiganized, but has never contracted at the 
will of the patient 

Asfhyxiity or Suspended Animatioii. — ESectricity has yet another 
application in connection with human suffering, still more wonder^ 
fill than that which it rec^ves as a remedy for pain and disease* 
Through its agency the feeble flame of life has been revived when^ 
to all appeaiances, it was hopelessly extinguished. It has been used 
to restore suspended animation in persons apparently dead from 
drowning, narcotic poisoning, or the use of chloroform. 

Gkdvanic excitation of the diaphragm has been proved to be most 
valuable in threatened suspension of the respiratory act after the 
use of ansesthetic agents. Practice exemplines in a most striking 
manner the utility of galvanism or electricity in many cases, as a 
resuscitative Qgent The galvanic current has not only the efiect of 
producing a marked improvement in the pulse and respiration, but 
they also produce dilatation of the pupils, and complete return of 
consciousness. Cases are constantly appearing in the medical pa^ 
pers of even the youngest, who have been saved by the use of this 
poweHul remedy in cases of narcotic poisoning. The first care 
should be to remove as much as possible of the poison from the 
stomach ; but this done, the real difficulty of the case begins. The 
great peril besetting the patient is the fatal indulgence of sleep; 
and this danger was averted under the old form of treatment by 
many expedients which were of necessity roueh and cruel Mod^ 
em science supplies more effectual and desirable means in the 
stiraulatiuff powers of electricily. The electric current must be ap* 
plied by placing the neg^ve electrode at the nape of the neck, and 
the positive electrode at the pit of the stomach ; if this does not 
act with sufficient power, insert a needle between the eighth and 
ninth ribs on either side so as to reach the diaphragm, and then 
allow the current to pass. The current must not be applied too 
strongly, or otherwise we may defeat the object we have in view. 

DiSKASSS IN WHICH THB FaSB ElECTRICITT IN THK NbRYXS SHOULD 

BB DECBEASED. 

Profuu and painful MtnetruoHon, — The general symptoms in 
profrise menstruation are exactly those we shoold anticipate froHi 
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tiie continuance of a debilitating dischaigei vis., ezhauBtion, Ian* 
guor, and dislike of exertion, weaknew acron the loins and hiM, 
paleness of the countenance, headache, throbbing of the tempbs, 
and giddiness. In painful menstruation there is most frequently 
defective secretive power, accompanied by severe pain, which is tliie 
distinctive symptom of this disease. The amount of pain varies 
very much ; it may be moderate, lasting for a few hours each time, 
or it may be so severe as seriously to derange the health of the pa- 
tient. Ihis disorder is generally confined to those of a nervous 
temperament, and of a thin, delicate habit of body. The monthly 
paroxysms present all the characters of neuralgia. From the state- 
ments which I have already made concerning the effects of elec- 
tricity, it will be evident, after the above short description of the 
main symptoms of these diseases, how much benefit would result to 
the patient from the voltaic treatment. 

Induction of Uterine Contrwtion, — ^The voltaic current is capa- 
ble of inducing uterine action de novo in those cases in which, from 
the peculiar formation of the pelvis, it is not possible for the woman 
to bring forth a living child at the termination of the nine months, 
and in which we wish to bring on artificial premature labor. Also 
in those cases where uterine action is insuflScient from debility, and 
the pains after awhile cease altogether, the electric current is capa* 
ble of exciting uterine contractions, and of bringing labor to an 
end in a shorter time than any medicine we know of. And, lasUy, 
that its application is never attended with any injurious conse- 
quences. 

Mti9cular ContracHons, — Contractions of various muscles take 

Slace at different periods of life, and may produce either permanent 
eformity, or may be relieved by removal of the cause wnich gives 
rise to the contractions. The muscles become wasted' and stiffened 
from inaction or after injuries, fever, exposure to cold, or some affec- 
tion of the nerves. The affected limb is cold, numb, imperfectiy 
nourished, and ceases to grow in proportion with the other parti 
of the body. The flexor muscles often become so rigid as to pro- 
duce dislocation of the bones to which they are attached. The 
voltaic current will in most cases completely restore the affected 
limb. 

Wrilers^ and Sempetresees' Cramp of the Hands, — ^Many unavail- 
ing remedies have been tried in the treatment of this affection, the 
continuance of which produces a contracted state of the fingers and 
hands, depriving the individual of their use. The voltaic current 
will, in a short time, accomplish a cure. 

Rheumatic and Arthritic Pains. — In these diseases the voltaio 
current is always attended with relief. It should be applied at least 
once a day, but the current should not be too strong. 
. yeUralgie Pain </ the Side in Hysteria, — ^This pain, so common 
in females of the hysteric constitution, which is ofCener complained 
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ef in the left than in the right ride, and has been so frequently 
ascribed to inflammation, and actually treated with leeches, blisters, 
and blue-pill, when no such inflammation existed, will quickly yield 
io electro-medical treatment. 

Headache, — ^Headache is a symptom of almost all acute and 
chronic diseases of the brain, as well as a distinct functional de- 
rangement of very frequent occurrence. The cause of headache 
should be carefully inquired into, and in those cases where the elec- 
tric current is indicated, speedy and positive relief will be derived 
from its use. Hemicrania is simply headache confined to one side, 
and occup3r]ng generally the brow and forehead, but sometimes 
aflecting, very exactly, one moiety of the head. It is attended with 
rickness, and is frequently periodical, and recurring at variable in- 
tervals, but always lasting a certain time, and then subsiding. It is 
produced by various causes, almost all of which tend to debilitate 
the system. In the treatment of this complaint, the patient derives 
signal benefit f^om the combinadon of electrical and medical treat- 
ment 

Tic Douloureux, — We now come to those cases in which a single 
part, or nerve, is the seat of pain. The face is the most exposed, 
and therefore most frequently affected ; generally, the parts supplied 
by the &cial branches of the fifth pair of nerves — nerves of sensa- 
tioB. The torture occarioned by this dreadful afiection is some- 
times excessive. The sufferers speak of it as anguish that is scarcely 
endurable, and you see in their quivering features and restless 
limbs that the acute bodily pang is, indeed, hard to bear. This 
affection may continue for years. The fact that there exists so 
great a number of specific remedies for this complaint, each of 
which has been known or supposed to accomplish a cure, affords 
one of Uie strongest evidences of the intractability of the disease. In 
this complaint we see the advantage of the voltaic treatment, and in 
those cases in which medical treatment has been- employed without 
avail, the combination will prove most gratifying to the medical at- 
tendant and beneficial to the patient The application of the gal- 
vanic current produces, in many cases, a profuse perspiration. On 
its appearance there is a marked improvement and decrease of pain, 
and the patient, who has been deprived of sleep for nights, will go 
home and sleep soundly for hours. 

Cramp of tke Stomachy Chest, and Limbs. — ^The electric current, 
when iproperly applied, is followed by immediate relief in all spas- 
modic affections — a single application frequently effecting a per* 
manent cure. Many cases of asthma have been relieved by the 
galvanic current, and a conriderable shortening of the periodic 
attacks, when present, will be effected through its agency. Dr. 
Wilson Phillip says, " I have employed galvanism in many cases of 
habitual asthma, and almost uniformly with relief." In cramps of 
the calves of the legs, when all the usual remedies have been tried, 
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Msad failed, tlid appHoalion of the cnrrent for a f&w mnntes wiB act 
as a charm in removing the spasm and pain. 

Chorea, — This is a spasmodic disease essential] j belonging to the 
nervous system. The ordinary movements of the bod j are m some 
degree nnder the direction of the will ; but it sometimes appears as if 
some other person opposed the will, and excited them when they 
are not wanted. When the body has been wasted, the mind appar- 
ently giving way, and the disease proceeding unchecked by other 
means, this agent will freqnently effect a cure. The following is 
the result of thirty-seven cases treated at Guy's Hospital, London. 
Thirty were completely cured, five were relievedy and two uncured. 
Oases of rheumatic chorea are generally obstinate, but still appear 
to yield to the voltaic treatment Dr. &rd has observed that the 
more extended his experience the greater his confidence in this 
remedy, and he cannot otherwise account for its &ilure in the 
hands of others than by attributing it to the mode of application. 
He says that most satis&ctory results have followed when he has sug- 
gested its use in private practice, in cases which had run the gauni- 
let of all kinds of treatment in vain. 

Tetanus. — ^This disease is characterised by an involuntary, long^ 
continued, violent, and painful contraction of the voluntary mnsdea 
of various parts, or of nearly the whole body. The muscles that 
seem in general to be the earliest affected, are those of the neck, 
jaws, and throat, and at length the jaws close with great firmness. 
Kelief has frequently followed the application of voltaic electricity, 
and in several instances perfect cures have been effected by this 
agent. Two cases are mention^ by Dr. Lawrence, in which imme- 
diate benefit resulted from a few minutes' application, and in both 
the continued use of it effected a cure within a fortnight 

JSpUepsy, — ^There are a number of cases on reooid which have 
been cured by the voltaic current The application requires to be 
continued with perseverance for a considerable length of time, when, 
in the majority of cases, a cure will be effected. The younger the 
patient, and the more recent the disease, the greater will be the 
chance for recovery. 

Hydrophobia, — A well-anthenticated case of this dreadful malady, 
whidi was entirely relieved by the voltaic current, is published in a 
" Report presented to the class of the Exact Sciences of the Acad- 
emy of Turin," The patient was laboring under all the dreadful 
symptoms of hydrophobic madness, when uie application of the vol- 
taic current entirely relieved him. The battery employed consisted 
of fifty pairs of plates of zinc and silver, intermixed with fifty pieces 
of pasteboard, moistened with a solution of muriate of ammonia. 
The voltaic current has not been tried in this country for hydropho* 
bia, but the success which has attended its administration in £im>pe 
would certainly justify its application in this country. 
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DiBEASSS IN WHICH ElXCTRO-OhSMICAL DKCOMPOSmON BHOtJLD 

BB PBODUCBO. 

Experiment has long since proved the influence which voltaic 
electricity exerts over affinity; and to such an extent that compound 
bodies, in which the components are united by the most powerful 
affiuities, are not only decomposed, but their elements are trans* 
ported to great distances, and are even carried through substances 
without combining, to which they nevertheless have a strong attrac- 
tion, and to which they otherwise would have united. Sir U. Davy, 
having placed his flifgers, previously well wetted in distilled wat^, 
in the positive part of the voltaic circuit, phosphoric, sulphuric, and 
muriatic acids rapidly passed into the water from his bodv. On 
making a similar experiment at the negative side, fixed alcali made 
its appearance. ^ Now," says Becquerei, '* since acid and alcaline 
substances can thus be separated from their combinations in the 
living body by means of electric power, there is reason to believe 
that by the same means may be introduced into the living body 
different substances capable of reacting on the organs in different 
pathological cases." Dr. Fabre Palaprat has rnnSe some, experi- 
ments which seem to promise great results, if the subject be sedu- 
lously followed up by the profession. They were as follows : After 
having dried as much as possible both arms of a woman, he applied 
to one of them a compress soaked in a solution of iodide of potas* 
sium, which he covered with a plate of platinum, in communication 
with the negative pole of a pile formed of thirty elements, and 
charged with a liquid adequate to produce decomposition. He 
placed on the other arm a compress moistened with amidine, which, 
being covered with a plate of platinum, was made to communicate 
with the positive pole. In a few moments the amidine had assumed 
a blue color, clearly proving that the iodine has been transported 
through the interior of the body, since the skin, which was suffi- 
ciently dry, could not give passage to a current. In Davy's cele- 
brated paper on ^' Some Chemical Agencies of Electricity " read 
before the Royal Society, 20th November, 1806, the following ex- 
periments on the passage of acids, alcalies, and other substances, 
through various attracting chemical menstrua, are described: — 
*^ An arrangement was made, consisting of three vessels : solution 
of sulphate of potash was placed in contact with the negatively elec- 
trified point, pure water was placed in contact with the positively 
electrified point, and a weak solution of ammonia was made the 
middle link of the conducting chain, so that no sulphuric acid could 
pass to the positive point m the distilled water without passing 
through the solution of ammonia; three glasses were connected 
together by pieces of amianthus. A power of 150 pairs was used 
In less than five minutes it waa found, by means of litmua-paper, 
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that acid was collecting round the positive points ; in half an hour 
the result was sufficiently distinct for accurate examination. The 
water was sour to the taste, and precipitated solution of nitrate of 
barytes. Similar experiments were made with solution of lime and 
weak solutions of potash and soda, and the results were analogous.'* 

It i4>pearB, therefore, that the constitution of the fluids of the 
body may be altered, certain principles may be withdrawn, and the 
ratio of the remaining principles may be changed. ^ In the same 
manner,'^ observes Dr. Donovan, "• a new mode of entrance into the 
human body of active remedial agents is indicated, more quick, more 
direct, more certain, than any other known, without the risk of 
being injured or altered by digestion, or of being eliminated by 
excretion." 

We may profit by these experiments, and thus by acupunctura- 
tion apply our remedies directly to those parts we desire to act upoui 
when we find that the internal application proves inefficacious. 

In the following diseases we endeavor to effect their cure by in- 
ducing electro-chemical decomposition in the part affected, founded 
on the knowledge of the chemical action of the two poles. 

On passing a current through albumen, it coagulates around the 
positive pole, but none collects around the negative pole. This co- 
agulation is due to the chemical action of the acids, which are 
aeparated at the positive pole by the action of the current. At the 
negative pole, on the contrary, alcali is separated, which, as is well 
known, dissolves albumen. 

Bheumatic Effusion into the Joints, — No part of the body is more 
frequently diseased than the membrane which secretes the synovia 
by which the joints are lubricated, and which forms a sack, having 
no external opening. 

When a jomt is distended with fluid, we generally find that there 
is also pain and inflammation, which causes an increase of the secre- 
tion from the sur&ce of the synovial membrane. Cases do, how- 
ever, occur, in which a joint is distended from an increased quantity 
of fluid collected in its cavity, unattended by pain and inflammation* 
It is presumed that this proceeds either from the diminished action 
of the absorbents, or from the increased action of the secreting ves- 
sels. Inflammation of the synovial membranes is a constitutional 
affection when the system is under the influence of rheumatism. It 
is very often caused by cold^ and attacks the knee more frequently 
than any other joint, because it is the most exposed to the influence 
of the weather. The inflammation, when confined to a single joint, 
is generally more severe and of longer duration, than when several 
are affected. 

W^hen the inflammation has subsided, the fluid becomes absorbed, 
and in most cases the joint returns to its natural size and mobility, 
though in some, stiffness and swelling remain. In this latter case 
the patient is very liable to a recurrence of the disease, either'from 
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ezpoAore to cold, too much exerdse, or derangement of the general 
health. 

When the inflammation is connected with rheomatism, the same 
treatment as that employed in that disease will be feond beneficial, 
especially the wine of colchicum. 

In those chronic cases where there is considerable stiffness and 
swelling arising from some constitutional affection, it is first neces* 
sary to attend to the general health ; to promote, by gentle exercise, 
a moderate degree of perspiration, which is extremely difficult, as 
the skin is usually dry and narsh : and to avoid raw fruit, acids, and 
whatever is likely to turn acid on the stomach, to which there is a 
great tendency. The bowels should be regulated by warm aperients. 
These patients generally derive much benefit from a combination of 
wine of colchicum, iodide of potassium, and bicarbonate of potash. 

The application of the voltaic current to joints which are stiff and 
distended with fluid, will succeed in rendering them supple, and its 
continued use will effect the absorption of the fluid. The current 
must only be used when stimulating applications are indicated, over 
which it has the great advantage of oeing often repeated without 
losing its influence on the part 

Opacity cf the Cornea and Leucoma. — Opacity of the Cornea 
may result from adhesive inflammation and effusion of fibrine be- 
tween its layers, or between it and the conjunctiva. Leucoma is 
produced by a loss of substance, and its resulting cicatrix. 

The voltaic current should be applied in the following manner : 
A sponge connected with the negative pole of the battery should be 
placed over the opacity, and a strip of silver connected with the positive 
pole must be placed on the tongue. Instead of the sponge connected 
with the negative pole, the latter pole may be connected with the eye- 
bath, a small instrument invented for the purpose, by Dr. Channing, 
of Boston. The patient will experience a pricking, Duming pain in 
the eye, the conjunctiva will redden, and some lachrynuition will be 
produced ; but these effects will quickly subside on i4>plying cold 
water. If the opacity begins to break up under the application, it 
will quickly disappear. T\l% current appears to act more beneficially 
in those cases where the effusion has taken place between the layers 
of the cornea, and has not became organised. 

Paralysis of the Iris. — One pole of the battery should be placed 
on the eye, using the sponge for that puimose, while the other should 
be applied to the bacK of the neck, llie application auickly re* 
moves the pain, and causes the pupil to contract and freely respond 
to the stimulus of light The application of the voltaic current, in 
the hands of Dr. R. M. Lawrence, to the paralysis of the iris, was 
attended with the most successful results. 

Catardel, — ^This disease implies, an impairment or weakness of 
s^g^^ produced by a partial or general opacity of the crystalline leoBf 
or its capsule. 
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Elderly peraons are moet subject to this disease, but it may occur 
at any age, and children are sometimes even bom with it Inflam- 
mation, or such injuries as give rise to it, may produce cataract ; but 
it is also sometimes consequent up(m an injury which is not attended 
with any appearance of inflammation. In the aged it seems to pro- 
ceed from defective nutrition. 

We have mentioned the effect of the two poles on albumen, and 
the success frequently following the application in cases of opacity 
of the cornea ; and we therefore would suggest a trial of the voltaic 
current in such cases as cannot be relieved by any other known 
mode of treatment, before the issue of an operation is hazarded. 

Ucckymoais. — ^The black and blue discoloration following a bruise, 
or contusion, is caused by the escape of blood from the minute ves- 
sels into the cellular tissue, and is called Ecchymosia. A black eye 
affords an example. The treatment is regulated by the severity of 
the bruise ; but when there is no inflammation, we employ means to 
promote the absorption of the effused fluids. The most satisfactory 
results generally follow the application of the galvanic currenti 
which acts as a powerful stimulant to the absorbents in quickening 
capillary action. 

Nosmu, — Ncevi may be seated in the skin, or under it^ in the 
cellular tissue. The superficial noevi, or mother-marks, frequently 
remain stationary during life ; but sometimes they have a disposi- 
tion to grow after birth, and tJhe skin over them being so exceedingly 
thin, profuse bleeding is apt to occur from the slightest abrasion, 
which renders it expedient to remove them. The subcutaneous 
ncBvi may remain for a time stationary ; but their tendency is to 
enlarge, and distend the skin, which at last bursts, and -the patient's 
life may be endangered by hsBmorrhage. In females this tendency 
is greatest at the menstrual periods. There are several methods of 
treating this disease, but none of them, in spite of every precaution, 
are unattended with danger. In consequence of some cases of fis* 
tula in ano, and hs&morrhoids, reported in the Lancet of 1852, as 
having been suceessfully treated by platinum wires made red-hot by 
a galvanic battery, Mr. Hilton, of Guy's Hospital, determined to ap- 
ply this plan of cutting and searing at the same time upon a nosvus 
of the flat kind, about the size of a crown-piece, situated in front of 
the ear of a child two months old. The operation was performed 
with Cruickshank's battery, and a very thin wire, which it was at 
first intended to tie around half of the tumor ; but the wire ran so 
easily through it that the whole was immediately removed, and the 
parts quickly cicatrised. This was found to be a quicker method 
of removing ncevi than the ligature, and just as secure, since haem- 
orrhage rarely followed. There can be no question but that the 
electric cautery will supersede every other application of intense 
heat to the human frame. Its manageable character, by which the 
temperature may be raised to the nicest pointy and its duration reg* 
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ulated to the smallest portion of time, gives it a yery decided advan- 
tage over all other methods whatsoever. The electro-themial eaa- 
tery may he of any magnitude, beginning with the finest platinum 
wire, and can therefore he apphed to all parts, and nsed under all 
circuDistanceB. For instance, to stop the bleeding of a tooth when 
other means have failed, a bent wire might be introduced into the 
cavity, and the cavity instantaneously destroyed by passing the gal- 
vanic current through the wire. In using electric heat it is neces- 
sary to guard against the fusion of the vnres : this, however, may 
always be obviated by trying the experiment with the same lengtn 
of wire prior to its application to the human body. 

Stricture of ike Urethra. — ^In this complaint the galvanic cur^ 
rent is an efficacious remedy, and very little pain attends the appli- 
cation. After the urethra has been examined with a common plas- 
ter bougie, to ascertain the exact position of the stricture, a metallic 
sound, covered with gum-elastic, and having a conical silver point, 
should be very gently introduced into the anterior part of the stric- 
ture, and then connected with the negative pole of the battery, the 
positive pole being placed in the hand or elsewhere. The applica- 
tion should be made daily, using each time a larger instrument^ and 
allowing the current to flow ten to twenty minutes, according to the 
feelings of the patient £ight or ten applications have usually 
proved sufficient. This mode of treatment will be found of essen- 
tial service in neglected cases, when the urethra for some extent has 
become converted into a thick gristly cartilaffinous mass. 

Calculus in the Bladder. — Uric acid c^culi can be dissolved 
by the aid of electricity at the rate of from two to nine grains an 
hour. Phosphadc calculi can be dissolved at the rate of from two 
to twenty-five grains an hour. Calculi, consisting of oxalate of 
lime, prove to be isx less soluble, and can be diaeolved only at 
the rate of half a grain to two grains an hour. At present, me- 
chanical force is applied to the surface of the calculus, and the stone 
is passed in fragments ; but by the aid of electricity, chemical force 
is set up at the surface of the stone, and it will be passed in solution, 
or as an impalpable precipitate. Every one must acknowledge the 
advantages of a method which will remove a calculus without pain 
or injury to the bladder, rendering an operation unnecessary, which 
is frequently followed by fever, inflammation of the bladder, or re- 
tention of urine, from the lodgment of a fifngment of the stone in 
the urethra. 

ChrcfMC Glandular Tumors. — ^These are met with in weak, scrof- 
ulous constitutioDs ; they are at first perfectly indolent and painless, 
and may remain for years stationary, or slowly enlarging. Their 
absorption should be promoted by external applications; and the 
general health, at the same time, must be improved by every possible 
means. The poles of the battery must be so applied that the elec- 
tric oorient pasMs immediately over them; or when they prove in- 
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Xb^^a^ n^Acal sbgs^fBU shccld at tke wma^ tone he isCP»i!Becd hf 

t'iaiTt^ — Tzirt^ are Bunj varieties of ix:»5ef». each iwrira^ <fi^ 
fentftt vnrXiatxX ; ai>i tij^ propriiitT of emptoyriic eiee«rv!r:T Bail 

iiu:>i i» eiitctroiyiic, tii«ennal, and %tim«iaf;iig povez, wkieft mar be 
mpu^A in a^i ca*» wh^n the beaiing^ proceai k impsfed. Bee- 
tr^itr ba» be^m AitzlvA to old hKi*>«eDt iij*^h^ wrth varied soeeeHL 

prnsM^rtA an iodol^nt or lar«Jac«oa5 base; ths onh^akhT baee ia geft- 
era..T dft^royed, and the saHan^e b^K!oa>ss a heahhT gnmoiatiiig one 
tAer a few appI:catiock§ of the batterr. Xooe of the a£«:^ptcd 
modea of treating alcere are foand to capable of nniformlT prode- 
cing a rapKJ growth c^ h^thj erranuUtioDs a§ galvmni^ni. Great 
ihzti^tB are frer^nentlj effe^rted in twentr-ibar hoors in the condi- 
tion €/f nlcen. At one dreseinsr ther are feen to be deep» cnp-tika 
ezcarationa ; at the next, the granuiationa hare neaHr reached the 
mniaee ; and after another day the rariaee has been kret with the 
akin, the gran a!at ions nniform. and the well-known marginal bhie 
rim, annoaocing the commencement ci cicatrtaatioD, has appeared. 
When thia point ia attained it ia better not to applj the batterj 
again, bat to employ simple water-dressing. 

In caftea where several ulcers exist upon a limb, and the xinc ia 
iqyplied to a superior, and the siker to an inferior one, or to denuded 
mitfaeen^ all the nlcers situated in a direct line between the two 
plates improve in appearance, become healthy sores, and cicatrise, 
while thfjse on either inde of the cnrrent remain unaltered, and some- 
times degenerate. In two cases in which we have repeated thia ex- 
periment, the resalt agreed with what has just been stated. Dr. Cm- 
tell has healed in this manner primary syphilitic sores in three days. 

Canter, — ^The disease known by the name of Cancer is dirided, 
according to the consistence of the morbid growth, into hard and 
soft cancer. 

It is often hereditary, and may occm* in any part of the body, 
bnt most frequently attacks the womb, female breast, stomach, and 
liver. 

Cancer is supposed sometimes to depend on some perversion of 
nutrition, in consequence of which the lymph which exudes through 
tlie capillaries forms an abnormal tissue with the properties of a 
malignant growth ; and sometimes to proceed from a blow or ex- 
ternal injury, which, however, can only be regarded as an exciting 
cause, not capable of bringing on the disease unless there exists a 
constitutional tendency to its production. 

In the commencement, the cancerous growth is usually indolent 
and painless ; but, as the disease advances, it becomes affected with 
severe lancinating pain. It may remain stationary for years, or in- 
erease slowly in size ; but there are cases in which it spreads with 
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frightfiil rapidity, eating away adjacent parts. The skin at length 
nlceratee, and a fool and repulsive sore breaks out, which secretes 
an excruciating and offensive discMarffe. Frequent hsemorrhages 
BOW take place, and the patient soon dies, worn out by the pain and 
iiritation of the disease. 

Prof. MttUer has discovered that the matter, in all the varieties of 
oancer, consists of very minute cells ; that the original tumors en- 
large and extend themselves by the developement of new cells ; and 
that, occnrrinff in one part, they are prone to appear in other parts. 

With regara to the cells of animal bodies, one of the most won- 
derful and extraordinanr results which Dr. Lawrence has observed, 
is the action of electricity derived from the intermittent current of 
the various forms of electro-magnetic machines. 

When a frog's foot is arranged in the field of the microscope, 
and the intermittent current is directed through the aniuial, the cir- 
culation instantlv stops, as if by magic. The current in the veins, 
indeed, seems slightly to retrograde, though it still continues its 
course for a short penod in the arteries — the whole effect giving the 
appearance of all tne corpuscles having a tendency to be drawn into 
the capillaries. 

In consequence of the corpuscles being drawn into the capillaries, 
an engorgement of them results. When, however, the current is 
withdrawn, the blood moves again more rapidly than before, but is 
instantaneously stopped when the current is renewed. 

The action of the intermittent current is as deoided upon the 
lymph corpuscles as it is upon the common corpuscles ; for, although 
ordinarily they run their course at a very different rate from the 
common corpuscles, they are stopped as suddenly by the intermit- 
tent currents. The interference with the circulation of the lymph 
corpuscle in the capillaries is of more importance than that of tne 
common corpuscle ; because, crawling along the side of the vessel, 
and apparently in contact with it, it is manifestly less acted upon 
by a m a ter§^ of the heart's action. 

When the continued current is employed instead of the intermit- 
tent, the experiment is, perhaps, rather more difficult; yet, if the 
current be passed completely tnrough the body, precisely the same 
result occurs. Dr. Lawrence has seen the current absolutely stopped 
from the feeble current of a dozen pairs of plates. 

The bearing of these experiments is in the highest degree im- 
portant, for it shows that, in whatever process of Uie body blood is 
necessary, there the electric force must have an influence. As it is 
manifest that the circulation of the blood affects more or less every 
operation of the body, we need hardly state that the experiment 
demonstrates the importance of electricity as a therapeutic agent. 

The application of a piece of metal to an open cancer, which, is 
in connection with a voltaic battery, will prcniuce, after a certain 
time, a coagulated crust over the surfiMse ; and, when liiis slough 
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has separated, there will be a healthy sore. The fetid smell, tfad 
constant, severe pain, and the hardness, will be greatly relieved. Br 
this means schirrous masses m2y be removed without loss of blood, 
owing to the coagulating power of the positive pole — and, indeed, 
it will be found a most efficacious remedy in hiemorrhage. An 
Electrolytic Institute has been formed at Moscow, under the direc- 
tion of several medical men, who report to have cured sixteen cases 
of cancer, and to have removed the whole of a female breast, without 
the use of the knife or the tying of the arteiy. 

The Electric Moxa. — The electric moza is an excellent method of 
producing a persistent discbarge, unattended by the pain which 
causes the issue or seton to be regarded by the patient with such 
extreme apprehension. A blister the size of the intended issue is 
put on the required place. When this is taken off, two small plates, 
the one of silver, the other of zinc, placed a few inches apart, and 
connected by a clean copper wire, are applied, after removing the 
cuticle raised by the effused serum. They must then be covered 
with the common water-dressing and oil silk. In forty-eight houra 
the surface beneath the silver plate will be found to be healed ; but 
beneath the zinc plate there will be an eschar, which, when it has 
separated, will leave a healthy granulating sore, freely discharging 
pus. The action of the electric moxa is thus explained : The saline 
ingredients of the fluid, effused on the surface of the blisters, are 
decomposed ; the sodium of the common salt, being set free at the 
silver plate, becomes soda by oxidation ; the chlorine evolved at the 
zinc plate forms chloride of zinc, which, by its escharotic action, 
produces the sore. The patient suffers none of that dreadful torture 
consequent on the use of caustic potash. 

Thb Magitxtio CoNDmoN OF ALL Matter. 

All liquid and solid substances are subject to mimetic influence. 
Bodies may be divided into two great classes — the Magnetic and 
the Diamagnetic, The former class includes all those bodies which 
exhibit the well-known phenomena of ordinary magnetic attraction 
and repulsion ; being attracted, when in their natural state, by either 
pole of a magnet) and when shaped into bars or rods, and suspended 
Detween two opposite magnetic poles, pointing axially^ that is to 
say, in a straight line between them. The bodies belonging to this 
class are all metallic (including oxides and salts), viz., iron, nickel, 
cobalt, manganese, chromium, cerium, titanium, palladium, plati- 
num, and osmium. The magnetic properties of iron, nickel, and 
cobalt have long been known. 

The second or diamagnetic class includes all liquids and solids, 
both ominic and inorganic, which do not belong to the magnetic 
class. The law which governs the action of maffnets on these 
bodies is as follows : A particle of a diamagnetic body placed in 
the neighborhood of either pole of a magnet is repdM by that 
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pole. Hence it follows that a bar of any diamagnetic substance, 
suspended by its centre midway between two magnetic poles, will 
point equatorially, that is to say, at right angles to the straight line 
joining the two poles, that being the position in which every part of 
it is at the greatest possible distance from each of the poles. And 
if its centre be pkiood on either side of the axial line, the whole bar 
will recede from that line, placing itself at the same time equato- 
rially. A globe or cube does not point, but exhibits the simple 
phenomenon of repulsion. If two small balls of any diamagnetic 
substance be suspended between the two magnetic poles, they will 
be driven towards one another, as if they were actuated by mutual 
attraction. The position which a bar of any substanC'C takes up 
when suspended horizontally between two magnetic poles, furnishes 
iixe best means of determining whether it belongs to the magnetic 
or the diamagnetic class. If it be magnetic, it will place itself axi" 
ally ; if diamagnetic, equatorially. 

The diamagnetic force cannot be perceptibly developed without 
the use of exceedingly powerful magnets. Electro-magnets answer 
the purpose best, but large permanent magnets may be used. Bis- 
muth appears to be the most powerfully diamagnetic of all sub* 
stances ; then follows phosphorus, antimony, heavy-glass. Amon^ 
the metals, the order of diamagnetic energy appears to be as fo^ 
lows: Bismuth, antimony, zinc, tin, cadmium, sodium, mercury, 
lead, silver, copper, gold, arsenic, uranium, sodium, iridium, and 
tungsten. 

Air and other gases exhibit decided magnetic and diamagnetic 
relations. The following gases exhibit diamagnetic properties with 
regard to atmospheric air : Nitrogen, hydrogen, carbomc acid, car- 
bonic oxide, coal gas, olefiant gas, sulphurous acid gas, hydrochloric 
acid gas, hydriodic acid gas, fluoride of silicon, ammonia, chlorine^ 
nitrous oxide, and the vapors of iodine and bromine. Oxygen gas, 
on the contrary, is highly magnetic — the most so of all the gases. 
A heated gas is diamagnetic to the same when cold. The brightest 
flames are the most strongly diamagnetic. 

We close this article upon electricity in the words of Professor 
Faraday : ^ How rapidly the knowledge of molecular forces grows 
upon us, and how strikingly every investigation tends to develope 
more and more their importance, and their extreme attraction as an 
object of study. A few years ago, magnetism was to us an occult 
power, affecting only a few bodies ; now it is found to influence all 
bodies, and to possess the most intimate relations with electricity, 
heat, chemical action, light, crystallisation, and through it, with the 
forces concerned in cohesion ; and we may, in the present state of 
things, feel well urged to continue in our labors, encouraged by the 
hope of bringing it into a bond of union with gravity itself." 
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INTRODUCTORY. 

Tbx world in which we live w formed, in its different parts, of 
a number of distinct kinds of matter, amounting, according to the 
present state of our knowledge, to about 55. These are called 
elements^ elementary bodies, or simple substances. 

The forms of matter with which we are most familiar, howerer, 
are not elementary. If we examine the matter of which a rock, 
a tree, an animal, the atmosphere, or the ocean is respectively 
composed, we shall find that all those objects ma^ be proved to 
contain two or more distinct kinds of matter ; that is, two or more 
elements. Where this is the case, we call the substance a com« 
pound body. 

A compound, therefore, may be resolved into its elements; 
whereas an element, or simple substance, cannot be made, by 
any means yet known to us, to yield more than one kind of mat- 
ter. Brass, which is compound., may be resolved into copper and 
sine ; but from copper or zinc, we can obtain only copper or zinc, 
Vermilion may be shown to contain sulphur and mercury ; but 
sulphur can only be made to yield sulphur, and mercury, mercury. 

0ut when we call any substance elementary, or simple, we do 
not mean that it is certainly or essentially so ; we only say that 
hitherto, in our hands, and exposed to all the various a^ncies 
which we can bring to bear on it, it has yielded only one kind of 
matter, or element, and no more. In the early part of the present 
century, the alcalies and earths were believed to be elementary 
bodies, because only one kind of matter had ever been obtained 
from them: but the new power of galvanism enabled Davy to 
discover that all these bodies were compound. It is far from 
being improbable that, in the progress of discovery, several, per- 
haps many, of the 55 elements which we are now compelled to 
admit, may, in like manner, prove to be really compound bodies. 

Till then, however, we must be content to class together, as 
elements, all those bodies which have not yet been resolved into 
other kinds of matter; and of these undecomposed bodies, or 
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dements, all noaterial objects are consdtuted. Here follows tlie 

list of the elementary bodies at present admitted, with the abbre- 
yiation, or symbol, which is used for each element placed after the 



name: — 

Oxygen 

Hydrogen 

Nitrogen 

Sulphur 

Phosphoms 

Carbon 

Chlorine 

Bromine 

Iodine 

Fluorine 

Boron 

Silicon 

Selenium 



ELEMENTS. 





. 




. H 




. N 




. S 




. P 




. C 




. CI 




. Br 




. I 




. P 




. B 




. Si 




. Se 


'alium) . 


. K 


ium) . 


. Na 




. L 




. Ba 




. Sr 




. Ca 




. Mg 




. Al 


1 


. G 




. Y 




. Z 




. Th 




. Co 




. La 

• 




• 
• 



Mn 
Fe 
Co 

Ni 

Zn 

Cd 

Pb 

Sn 

Bi 

Ca 

U 



Manganese • 

Iron (Ferrum) . • < 

Cobalt . • • . 

Nickel . . • . 

Zinc • • • . 

Cadmium . • . . 

Lead (Plumbum) . 

Tin (Stannum) . • 

Bismuth 

Copper (Cuprom) 

Uranium 

MercuJT (Hydrargyrum) Hg 

Silver (Argentum) . . A 

Palladium . . • . 

Rhodium 

Ruthenium ? • • 

Iridium . 

Platinum . . • 

Gold (AuTum) 

Osmium . . • 

Titanium 

Columbium (Tantalum) 

Pelopium? 

Niobium 1 . . . . 

Tellurium 

Tungsten (Wolfram) 

Molybdenum 

Vanadium 

Chromium 

Antimony (Stibium) 

Arsenic 



R 

It 

Pt 

An 

Os 

Ti 

Ta 



Te 

W 

Mo 

V 

Cr 

Sb 

As 



Sodium (Natri 
Lithium 
Barium . 
Strontium . 
Calcium 
Magnesium 
Aluminum 
Glucinum . 
Yttrium . . 
Zirconium 
Thorium 
Cerium 
Lantanium 
Didymium ? 
Erbium ? 
Terbium ? , 

(The symbols or abbreviations are in every case taken from the 
Latin names of the elements, so as to be universally understood. 
Should the existence of the new metals, discovered by Mosander, 
VIS : Didymium, Erbium, and Terbium, as well as of those an- 
nounced by Rose, viz : Pelopium and Niobium ; and of the metal 
Ruthenium, found by Klaus in the ore of Platinum, be established, 
the number of the elements will be 61.) 

Of the above list of elements, about 14 constitute the great mass 
of our earth and of its atmosphere. The remainder occur only 
in small quantity, comparatively ; while nearly a third of the 
whole number is so rare, as not to admit of any useful application. 

By their external aspect, the elements may be divided into 
two classes; and these classes are also found to possess other 

13 
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distinotive characters* Thus the twelve first in the list, which are 
oalled non-metallic bodies, or metalloids, are easilj distingubhed 
from all those after potassium, ioclusive, which are metals* The 
latter possess that peculiar brightness and opacity of surdeice which 
18 called the metallic lustre, of which the former are destitute. 
Again, the metals are all found to bo excellent conductors of heat 
and electricilj, while the metalloids conduct these influences very 
badly,- with the exception of charcoal, which, when in certain 
states, t^onducts electricity almost like a metal. 

Selenium' has the metallic lustre, and is by some considered a 
metal ; but it is a non-conductor of heat and electricity, and in. all 
its chemical relations and analogies beloi^ to the. non-metallic 
bodies.' 

This division of the elements is of great use. in facilitating the 
study of chemistry. 

The elements are capable of combining tofl;ether, metalloids 
with metalloids, metals with metals, and metalloids with metals. 

When two elements unite together, tliey give rise to a new sub- 
stance, a compound of the two; and, generally speaking, the 
compound has properties entirely distinct Ifrom those of its elements. 
Thus, sulphur and mercury, a yellow .earthy solid .and a white 
fluid metal, unite, and give rise to a fine, red powder which is ver- 
milion. It is not possible, by the eye, to distinguish two kinds of 
matter in the vermilion, any more than- in its elements, so com- 
pletely have the properties of those elements disappeared. But» 
by chemical means, we can prove that vermilion contains both 
mercury and sulphur. These elements are said to be combined , 
80 as to produce vermilion, which is said to be a compound, or to 
be composed of them. In such a case, the combined elements can 
no longer be separated mechanically from each .other. They are 
held together by a force which is called chemical attraction, or 
qfinity,, the real nature of which we do not know. It resembles 
cohesion, since it holds together the particles of matter : but while 
cohesion is only exerted between particles of the same nature, as, 
lor example, between those of sulphur, or between tho^e of ver- 
piilion, affini^ is only exerted between particles of different kinds 
of matter, tor example, between the particles of sulphur and of 
mercury. 

By afllnity, then, we understand simply that force, whatever may 
be its nature, by which the particles of one elementary body are 
made to unite with those of another. When once united, the 
particles of the compound obey the laws of cohestoa exactly as if 
they were simple particles. 

It is the object of chembtry to investigate the properties of the 
elements^ the laws which regulate thar mutual actions, and the 
nature and properties of the compounds which arise from their 
union. 
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Befovt desoribifig Ae indiTidufil elements, it ift neoaflsaiy t# 
ezfilam to the leftder oertain tenns and phr«fie8 of very frequeot 
Dceuvenee, aa well aa to meiition the geoeral laws whioh regulars 
j^emdcal oombinatioB. / 

OoaMna&om ocean when two or more bodies unite together: 
tfecomjvoftMm takes plaee when bodsesi previously united, are. made 
to separate from eaeh other. 

'Wnen oxy&en enters into combination with any other element* 
the oompoimd is catted aa oidde; thie oompoand of chlorine with 
any other element ia oalied a oUoride ; and with bromine, iodine^ 
Attd flaoriae^ we have» hi the same way, bromides, iodides, and fla- 
orides. The compounds of suhphur, phosphorus, carbon, selenium^ 
^c, with aaeftals, are called Bal{»udes, phosphides^ carbides, 
aeleniurides, dre. 

' When a compound body ^saesses a sour taste, reddens ▼egetar 
ble bkie colors, and neutralises akahes, it is called an acid. If 
.eompoaed of ozysen united to a metalloid, such as carbon, or a 
'metal, such aa chromium, the acid is simply named from the 
(metallcid or metalr as carbonic acid, chromic acid. But if the acid 
contains hydrogen united to a metalloid, the wcwd ''hydro" is 
prefixed ; as hydro-chloric acid (hydrogen and chlorine), hydro- 
sulphuric acid (hydrogen and sulphur), <bc. 

Where the same element forms with oxygen several acids, they 
are distinguished by their terminations, as sulphuric acid, sulphur- 
ous acid: the acid in ic always containing most oxygen : but where 
new acids of intermediate composition are discovered, it is neces- 
laary to use the prefix '* hypo," — as hypo-sulphurous acid, hypo- 
.aulphuric acid, meaning acids containing less oxygen than sulphure- 
ous or sulphuric acids respectively ; or " hyper," as hyper-chloric 
acid, meanii^ an acid containing more oxygen than chloric acid, ' 
. When a compound body has an acrid, urinous taste, restores to 
blue the color reddened by an acid, and, above all, if it possesa 
,tiie proper^ of neutralising adds, or causing their add properties 
to disappear, it is called aa alcali, or more generally a base, or a 
basic substance. 

We have seen that oxygen ia an element of many adds ; it is idso 
an element in most bases. Almost all the metab are capable of 
forming one base, several form more than one base, with oxygen. 
These bases are usually called oxides of the metal ; and where 
there are two, that which contaias least oxygen is usually called 
protoxide, and that which contains most oxygen, peroxide ; as the 
protoxide and peroxide of iron, <frc. 

Acids and bases unite togeChen and the characteristic properties 
of both disappear. They are said mutually to neutralise each 
other, and the resulting compound is called a salt. If neither the 
acid nor base be in excess, tne salt is a neutral aalt ; if the acid 
predominate, it is called an add salt» or a super salt ; and if the 
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base prevail, it is called a basie salt or a sub-salt. The salt is 
namea from both the infirredients. Thus, when sulphuric add 
neutralizes soda, the resulting salt is called the sulphate of soda ; 
when phosphoric acid unites with lime, the acid being in excess^ 
the salt is called acid phosphate of lime, or superphosphate of lime; 
and when nitric acid unites with oxide of mercuiy, the latter being 
in excess, the compound is called basic nitrate of mercury, or 
subnitrate of mercury. 

Besides acids and bases, there is a third kind of oxides, namely^ 
such as hare neither acid nor basic properties. They are called 
indifferent oxides, and sometimes superoxides; as for example, 
peroxide, properly superoxide of manganese. 

The term ** radical " is applied to any body which, by uniting 
with an element, can give rise to an acid or a base. Most of the 
elements play the part of radicals : but we have, besides, com- 
pound radicals, containing two elements, like cyanogen, or even 
three or more elements, like benzoyle or cacodyle. The compound 
radicals unite with elements, just as if they were themselyes 
elementary. Thus, cyano^n unites with hydrogen to form an 
acid, and cacodyle unites with oxygen to form a base. 



COMBINATION. 

Tbb force of chemical attraction, or afllnity, is unequal in the 
ease of different substances. Thus, the aflSnity between potassium 
and oxygen is more powerful than that between gold and oxygen. 

The capacity of one body to unite with another is mainly effected 
by two circumstances ; namely, the state or form of the substances 
in question, whether solid, liquid, or gaseous, and the temperature 
at which they are brought together. 

Cohesion tends to keep the particles of bodies in close proximity, 
while the tendency of heat is to separate them from each other. 
When cohesion predominates over the repulsion due to heat, the 
body is solid : wnen cohesion and repulsion are exactly balanced, 
it is liquid ; and when repulsion predominates, it becomes gaseous. 

It is obvious that, since chemical attraction operates between 
the particles of different bodies, and only when they are at infi- 
nitely small distances, the cohesion between the particles of two 
solid bodies respectively must impede chemical action by prevent- 
ing the sufficiently close approximation and intermixture of the 
particles which have affinity for each other. Hence the solid form 
IS most un&vorable to chemical action, although, in rare cases, 
the power of affinitjr is sufficient to overcome the obstacle. Thus, 
phosphorus and iodine, both in the solid form, act powerfully on 
one another. 
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But if one or boUi of the bodies be liquid, the particles of botk 
readily come so near as to admit of affinity producing its full eflfeet. 
Thus, bromine acts violently on phosphorus, although the latter is 
aolid ; nitric acid, in like manner, dissolves metals, and tlie same 
acid acts with great energry on alcohol. Indeed, the liquid form is 
so favorable to chemical action, that the chemist generally endeav- 
ors to have one or both of the substances, whose action he wishes 
to try, in that form. 

Moreover, when two solid bodies, as is generally the case, refuse 
to act on each other, it is commonly sufficient to cause one of them 
Co assume the liquid form. This may be done in two ways; 
either by applying a sufficient heat to melt it, or by dissolving it in 
water or some other solvent Thus iron and sulphur, when mixed 
in the solid form, do not combine ; but if the sulphur be melted 
by heat, rapid combination takes place. Again : citric acid and car- 
bonate of soda do not act on each other when dry ; but if water be 
added to the mixture, the acid dissolves, and brisk action ensues. 

It is evident that heat, being opposed to cohesion, will promote 
chemical action whenever cohesion or the solid form is the obsta- 
cle : and this is the source of the immense value of heat in chemical 
and manufacturing processes ; as, for example, in the smelting of 
metals from their ores. 

But when cohesion has been still further overcome, and the body 
has assumed the gaseous form, a new impediment is ofifered to 
chemical action. The particles, by the predominance of the 
repulsion due to heat, are now so far removed from each other, as 
not to come readily within the sphere of chemical affinity. Hence, 
two bodies in the gaseous form seldom act on one another, imless 
their mutual attraction be very strong, as in the case of hydro- 
chloric acid gas and ammoniaeal gas ; or by the aid of heat, lights 
or electricity, as in the case of chlorine and hydrogen gases. As 
heat is here the cause of the obstacle, the appropriate remedies are 
cold and compression, which tend to bring the particles nearer. 
Heat and electricity are supposed to act by producing compression 
of some particles m consequence of the expansion of others ; but 
heat certainly acts also by increasing the force of affinity. 

Even where only one of the bodies is gaseous, chemical action 
is much impeded, especially if the other be solid. Still, in many 
cases, solids and liquids do slowly act on gases : and by such 
means some of the most important processes in the organic king- 
doms are carried on ; as, for example, the respiration of animals, 
and tlie growth and decay of plants. 

In some cases, as in that of hydrochloric acid gas, the affinity 
between the gas and water is so powerful, that they combine 
instantaneously when brought into contact. 

There are other cases in which solid bodies at the ordinary 
temperature are incapable of combining with gases, but in which 
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A high tempsratore, aMioagh it opposes ehomieal adioii by its 
tendency to remore still fnrSer the paxlieles of the gas, jet, on th^ 
other haad^ so mooh ezslts the power of aflbii^ as to be the most 
powerful promoter of eombhmtion. The efifeot of best hi cansii^ 
wood, coal, or charcoal, to combine with oxygen, as in ordinary 
•eombiistion, is a familiar example of this ; and as, in this form of 
experiment, the combustion, onee begon, produoes a great amoonl 
of heat without external aid, it is in this manner that heat is 
obtained and rendered arailaUe for the useful puiposes abore 
aUaded to. 

A gaseous body, which under ordmary eircnmstanoes will not 
eorobme with another substance, may be made to do so^ if pre- 
sented to it in the nascent state* that is, while it is separating from 
another soKd or liquid body. Thus hydrogen gas, if formed in 
•eontact with sulphur, will not oomlHoe with it ; but if the hydro- 
gen be formed by the actbn of an add on sulphide of iron, the 
Aulphur is presented to the ffas at the rery moment at whieh the 
former is separating from the iron, (in the nascent state, as it is 
-ealled,) and the gas which is now disengaged is a compound of 
sulphur and of hydrogen. 

it sometimes happens that the combination of two bodies is 
promoted by the presence of a third, which does not combine 
with either of the two, nor even with the resulting compound. 
Thus, if oxygen and hydrogen gases be mixed, they do not com- 
bine ; but the contact of spouffy platinum causes their immediate 
wnion, although the metal oombmes neither with oxygen nor with 
hydrogen, nor with water, the product of their combination. 
« But in all cases where the third body has a powerfol affini^ 
for the resulting compound, its effect in promoting combination is 
.Tory great, and has got the name of predispoang affinity. Thxu^ 
sine does not decompose water ; but if sulphuric acid be added, 
the water is decomposed, its oxygen uniting with the sine. In 
this case, according to the usual explanation, the oxide of sine 
formed unites with the acid, and the affinity of the acid for the 
oxide of zinc is called a predisposing affinity, as if the acid had 
caused the formation of oxide of zinc because of its affinity for 
that oxide when formed. In truth, howerer, all the chanses that 
occur are strictly simultaneous^ and the phrase '* predisposing 
affinity," is not an accurate one. It is, however, sufficiently con- 
venient and expressive to be a good deal used in regard to similar 
eases. 

When two bodies, A and B, are in eombbation, the force with 
which they are actually held together is not dependent alone on 
their mutual affinity, but also on their relative mass. In the com* 
pound ABB, A is retained by a greater force than in AB. This 
IS the result of the increased mass of B. Or we may view it thus : 
In the compound AABB, the first A may be moved wi^ o(mipani- 
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life heAxtf, tbe relative masses of A and B being eq4al. But aller 
the removal of the first A, the mass of B is relatively doubled, 
and the second A requires for its removal a much greater force. 
It is obvious that, conversely, in ABB, the second B is less forcibly 
retained than the B in AB. 

When a body. A, is presented to two bodies, B and 0, for eaok 
of which it haa affinity, aitboagh unequal, then, if nothing inter- 
fere, A wil] divide itself between B and C, according to its affinity 
for each. But the effect of mass is seen here also ; for if the 
mass of 0, the body for which A has least affinity, be muck 
larger than that of B, then the division will be no longer in the 
ratio of the affinities to A, but C will obtain more, and B less of A. 

When to a compound body, AB, another body, C, is addedp 
having an affinity for B, hoih combination and deoompositioft 
occur : for AB is decomposed, and at the same time B, whidl 
separates from A, enters into combination with C. It does not 
often happen that the mere force of affinity is sufficient to complete 
such a change, but such eases do occur ; as where iron acts on a 
salt of copper, or copper on a salt of silv^, the one metal taking 
the place of the other, and the latter being entirely separated 
. McM^ frequently a part only of B is separated from A and com- 
bines with ; and thus there are present, at the slime time, the 
compounds AB and BG, while part of A and of C exists in the 
free or uncombined state along with them. 
. If now the free A be removed from the mixture, the free 0» 
being unresisted, at last effects a complete separation of A. The 
removal of the free A is effected either when that body assumes 
the solid form by virtue of its great cohesion, or when it takes the 
form of gas in consequence of its feeble cohesive powerv or of the 
application of heat. The precipitation of an insoluble oxide by a 
soluble alcali is an example of the former ; the formation of glass 
by the fusion of silicic acid with carbonate of potash is an illusbra* 
tion of the latter case. Similar cases are of constant occurrence. 

In both cases, the decomposition is the more easy and com- 
plete, the larger the mass of the decomposing body C employed. 
And from this follows the curious fact, that if, in any given tem- 
perature, we can alter the form or the mass of either of the bodies 
which act on one another, the result of the experiment is likewise 
idtered : nay, it may actually be reversed. Tnus, if oxide of iron 
be exposed at a red-heat to a current of hydrogen gas, the oxide 
is decomposed, its oxygen, with the hydrogen, forming water, 
while the iron is reduced to the metallic state. But if now the iron 
be heated red-hot, and exposed to a current of the vapor of water, 
the water is decomposed, its oxygen, with the iron, forming oxide 
of iron ; while the nydrogen is reduced to the free state. 

Decomposidon is rendered complete, not only when the body 
A, which is separated, assumes the solid form, but also when A 
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remains liquid or dissolyed, and the new bodj, BC, takes the solid 
^rm, or is insoluhle. Hence the nature of the liquid, in which a 
chemical action goes on, exerts a most important influence on the 
result of the action. 

When two compound bodies, AB and CD, act on one another, 
both decomposition and combination occur. When complete, the 
change is called double decomposition, since both AB and CD are 
decomposed ; but at the same time the two new combinations, AO 
and C6 have been formed. Should the change be only partial, 
the four compounds AB, CD, AD, and CB, will be present together. 
Double decomposition is of very frequent occurrence. 

In cases where a compound, AB, cannot be decomposed by a 
body, C, even with the aid of a high temperature, the addition of 
a fourth body, D, if it have an affinity for A, while there is an 
affinity between C and B, will often enable us to accomplish the 
decomposition. Thus, oxide of aluminum cannot be decomposed by 
charcoal even at a white-heat : but when a current of chlorine gas 
is passed over the mixture, the chlorine, by virtue of its affinity for 
aluminum, added to that of carbon for oxygen, efifects the decom- 
position, and we obtain chloride of aluminum and oxide of carbon. 

When a compound of three or more elements is exposed to a 
high temperature, the elements unite to form such new compounds 
as are not decomposable by the temperature employed. 

If such a compound be heated along with a body which is capa- 
ble of forming with some of the elements in certain proportions a 
more fixed compound, the remaining elements give rise to one or 
more new and more volatile compounds. 

The two last are the principal laws which regulate the phenom- 
ena of the destructive distillation of organic substances. 

Such are the most important facts in regard to the circumstances 
under which combination and decomposition occur. We now come 
to the subject of the proportions in which bodies combine together, or 

Combination in Definitb Proportions. 

The experience of chemists, derived from many thousand 
analyses, has established the following laws ; which, however, are 
purely the expression of ascertained facts, and involve no hypothe- 
sis whatever ; — 

1. The quantity, by weight, of the body B, which is taken up 
by a given weight of the body A, to produce the compound AB, 
is definite and unchangeable. Thus 8 grains of oxygen are inva- 
riably taken up by 1 grain of hydrogen (in round numbers) to 
produce water : or, in other words, 9 grains of water are invaria- 
bly composed of 8 grains of oxygen and 1 of hydrogen. 

2. When a body A combines with a body B in more propor- 
tions than one, producing more than one distinct compound, the 
quantity, by weighty of B, which is united to the same weight of 
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A in the different compounds, increases according to one of two 
ratios. According to one, the series of compounds formed is — 
A-|-B» 1st compound . . , B = l 

A4-BB, Snd do B = 2 

A + BBB, 3rd do. ... B = 3 

A + BBBB, 4th do B = 4 

A+BBBBB, 5th do. . .B = 5 

According to the other, the series of compounds is — > 

A -\- BBB, Ist compound, . . A : B =; 1 : 3 

A + BBBBB, 2nd do. . . . A : B = 1 : 5 
A + BBBBBBB, 3rd do. . . A : B = 1 : 7 

The compounds of nitrogen and oxygen offer an example of the 
first series of multiple proportions. In the first ofthese compounds^ 

14 grs. of nitrogen are united with 8 of oxygen. 

In the 2nd. 14 „ „ „ 16 ,, 

„ 3rd. 14 „ „ „ 24 „ 

» 4tn. 14 n n >f 32 f, 

„ 6th. 14 „ „ „ 40 „ 

The compounds of arsenic and oxygen will illustrate the second 
series. In the first of these compounds, 

75*4 grs. of arsenic are united with 24 of oxygen. 
In the 2nd. 75*4 „ „ „ 40 „ 

Here the quantities of oxygen increase in the ratio of 3 to 5. 

3. The proportions, by weight, in which bodies combine, are pro- 
portional to each other. That is, if a given weight of A unite witb 
weights of B and C, which are to each other as 3 to 4, for example, 
then if a fourth body, D, unite with B and with C also, the weights 
of B and C combined with D will likewise be to each other as 3 to 4. 

Thus, 100 grs. of potassium unite with 20*41 grs. of oxygen; 
100 grs. of potassium unite also with 41*06 grs. of sulphur. Kow 
J 00 grs. of silver unite with 7*39 grs. of oxygen, and also with 
i4*88 grs. of sulphur. According to this law, we find that 7*39 : 
14*88 :: 20*41 : 41*06; or, in other words, that the weights of 
oxygen and sulphur which unite with 100 grs. of silver bear to 
each other the same proportion as the weights of those elementa 
which combine with 100 grs. of potassium. 

Another consequence of this law is, that the weights of two 
bodies which combine with the same weight of a third body, will 
also represent the weights of these two bodies which unite together, 
if they are capable of combination ; or if the proportions should 
not be precisely the same, they will be found to be multiples or 
sub multiples of those weights. 

Thus, 8 grains of oxygen combine with 1 grain of hydro^^en to 
form water; and 8 grains of oxygen combine with 16 of sulphur 
to form hyposulphurous acid. Now, sulphur and hydrogen com- 
bine together to form hydrosulphuric acid ; and that compound is 
found to contain sulphur and hydrogen in the proportion of 16 grs. 
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oftheformertotgr. of the latter. The same dements fonn aaolli^ 
compound, the penmlphide of hjdrogeii ; and ki tibia the propcn^ 
tioDs are 32 of sulphur to 1 of hydrogen. Now 32 =s 16 X 2. 

It therefore, we know the weights of two bodies, B and G» 
which combine with a given weight of A, we also know the relat- 
ive weights in which, or in multiples or submnltiples of which, B 
and C will combine together. 

Now oxygen is capable of uniting with all the other elements, 
(save perhaps with fluorine) ; and therefore if we ascertain by ex- 
periment the weights of the different elements which combine with 
a given weight of oxygen, the weights thus obtained will inform 
US, not only in wl^t proportions (or their multiples) these elements 
combine with oxygen, but also in what proportions (or their mul* 
tiples) they oombme with each other, provided they are capable 
01 doing so. 

It is obviously of no importance what number we select to rep- 
resent the standard weight of oxygen, to which the other elements 
are referred. On the Ck>ntinent 100 is usually taken, and the 
combining numbers of the other elements are referred to oxygen 
as 100. In this country, for the sake of convenience in calcula- 
tion, advantage has been taken of the isuit that the combining 
weight or number of hydrogen is the smallest of all, and hydrogen 
has consequently been made the standard, with the number 1. 
Now as 1 of hydrogen is found to combine (in water) with 8 of 
oxygen, it is obvious that if hydrogen be represented by 1, oxy* 
gen will be represented by 8. .A^in, on tne Continental scale, 
oxygen being 100, hydrogen must be '|* = 12*5, the proportion 
bemg preserred exactly the same. So that it is equally correct to 
say uiat water is composed of 100 grs. of oxygen, combined with 
12*5 of hydrogen, and to say that water consists of 8 grs. of oxy* 
gen and 1 of hydrogen. Both scales are so extensively employed| 
Siat the chemist ought to be familiar with both, and accordingly, 
both are subjoined. It is hardly necessary to point out that tne 
numbers of the scale in which oxygen =100, which we shall c^ll 
the oxygen scale, may be easily reduced to those of the other, or 
hydrogen scale, in which oxygen = 8 by dividing the former by 
12*5 ; and that conversely the numbers of the hydrogen scale, if 
multiplied by 12*5, are converted into those of the oxygen scale. 

The numbers, then, attached to the names of the elements in 
the subjoined Table, are the results of experience, and merely 
represent the relative weights of the elements which (or multiple^ 
of them) combine with 100 of oxygen on the one scale, and with 
8 of oxygen on the other. In this work we shall use the numbers 
of the hydrogen scale : but the table of the other scale will be of 
use to those who read foreign chemical works ; and the numbers 
of one scale may at any time be substituted for those of the other, 
provided we do not mix them up together. 
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The number 39, attached to potassium,* expresses the fact that 
39 grahu of potaMimn combine with 8 of oxygen, and 16 of giU- 
phnr; 8 and 16 being the nnmberB respeotiTely attached to 
oxygen and solpbor. 

These numbers farther express the facts, that if we wish to 
convert 47 grains of oxide of potueium, composed of 39 of potas> 

■ Han like fMettODi, Aw oumntsDce, an amlttod. 



dam and 8 of oxygen, into sulphide of potassium, 16 grs. of 
sulphur will he recjuired to displace the 8 of oxygen, and will give 
65 gnuns of sulphide. 

We thus perceive that 16 grains of sulphnr are the equivaloit 
of 8 grains of oxygen. Hence the term "equivalent" is used as 
synonymous with combining proportion, and we shall in this work 
employ the term equivalent by preference. 

When an element combines with oxygen in only one proportion^ 
the equivalent of that element is the weight which combines with 
8 (or on the other scale with 100) of oxygen. Or we may cal- 
culate the equivalent from the compound, u there be one, of the 
element with chlorine. 

Thus, in the oxide of potassium (potash), 39 grs. of potassium are 
combined with 8 of oxygen. If there were no other compound oC 
potassium and oxygen, we should take 39 for the equivalent of pot- 
assium But there is another compound of these elements, and in 
order to acquire certainty, we refer to the compound (there is but 
one) which potassium forms with chlorine. We find this to contain 
39 grs. of potassium, with 35 of chlorine ; and as 35 is the equivalent 
of chlorine, we conclude that 39 is the true equivalent of potassium. 

Where an element combines with oxygen in several proportions, 
we are more uncertain. If the proportions of oxygen belong to 
ihe series of simple multiples, the equivalent is usually calculated 
from that compound which contains least oxygen, assuming that 
to contain an equivalent of oxygen. 

Thus nitrogen forms 5 compounds with oxygen. In the first, 
14 grs. of nitrogen are combined with 8 of oxygen; in the fifth, 
14 grs. of nitrogen are united with 40 of oxygen. Taking the 
former, we conclude 14 to be the equivalent of nitrogen ; but if 
we selected the other, then the equivalent of nitrogen would 
necessarily be five times smaller. On the ordinary view, we con- 
sider the fifth compound to consist of one equivalent of nitrogen cs 
14, and 5 equivalents of oxygen = 8 X 5 = 40. But it will be seen 
that this is, to some extent, arbitrary ; and that we might consider 
the fifth compound as formed of one equivalent of each, and the 
first as composed of one equivalent of oxygen, and 5 of nitrogen. 

The usual system of equivalents above explained being consistent 
and uniform, as far as possible, is very convenient ; but the student 
must remember, that while the combining proportions are fixed, it 
is, in any one compound, a matter of arbitrary choice, whether it 
be viewed as containing one or more equivalents of any element. 

A very large proportion of elements, however, combine among 
each other according to laws so simple, that when we have as- 
sumed 8, for example, to represent one equivalent of oxygen, we 
need have no doubt as to the equivalents of the other elements. 

In those compounds of one element with two or three propor- 
tions of another, where the quantities of the latter are not simple 
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multiples, bat belong to the serieg 3:5:7, mncb greater nncer- 
tainty prevails as to the equivalents. Thus, arsenic, antimony, and 
phospborus, form compounds with oxygen, chlorine, and sulphur, 
belonging to this latter series ; and chemists are not fully agreed 
whether they ought to consider the quantity of arsenic, antimony, 
or phosphorus, which combines with three or five equivalents of 
oxygen, chlorine, and sulphur, as representing one equivalent, or 
two equivalents. The same doubt occurs m other cases : and 
we are guided, in such instances, chiefly by probabilities, and 
by the rule to avoid, as much as possible, fractions of equiv- 
alents. Thus, if we suppose the first oxide of arsenic to con- 
tain 1 equivalent of arsenic, and 1 of oxygen, the second must 
contain 1 equivalent of arsenic, and 1} equivalents of oxygen. 
We, therefore, prefer to consider the first as formed of i eq. 
arsenic, and 3 eq. oxygen ; and the second as formed of 2 eq. 
arsenic, and 6 eq. oxygen. There is still a third way by which 
also fractions may be avoided ; and that is, to make the first a 
ecMnpound of t eq. arsenic, and 3 eq. oxygen ; and the second a 
compound of 1 eq. arsenic, and 6 eq. oxygen. This last view, 
however, does not in many cases agree so well as the preceding, 
with the composition of the other compounds of the same element. 

It is to be observed, that whichever view is adopted, the facta 
of the proportions remain unchanged. It is only the equivalent 
of arsenic which requires to be altered.* 

The equivalent of a compound body is the sum of the equiva- 
lents of its component parts. Thus, potash being composed of 
1 eq. of potassium, 39, and 1 eq. of oxygen, 8, its equivalent is 
394- 8 = 47. Sulphuric acid is composed of 1 eq. of sulphur, 16, 
and 3 eq. of oxygen, 24 ,* and, consequently, its equivalent is 
40= 164- 24. As in the case of elementary bodies, the equivalents 
represent the combining proportions. Thus, the neutral sulphate 
of potash contains 47 grains of potash, and 40 grains of sulphuric 
acid. The law of multiples also applies to compound bodies ; for 
there is another compound of sulphuric acid and potash, the 
bisttlphate of potash, in which 47 grs. of potash are combined with 
80 grs. of sulphuric acid, or 1 eq. of potash with 2 eq. of the acid. 

The use of equivalents enables us to define more accurately 
some of the more important classes of compounds. 

Oxygen acids are compounds of one or two equivalents of the 
metalloids, and of certain metals, with two or more equivalents 
of oxygen. 

Oxygen bases are, without exception, compounds of metals with 
oxygen. In most cases, the base contains 1 eq. of the metal, 
and 1 eq. of oxygen ; in a few bases there are two eq. of the 

♦ Since the above was written, chemlpts have pretty generally agreed to 
doable the eqaivalents of phoflphoruB, antimony, sulphor and araenic. 8. 
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meUJ, and 3 eq. of oxygen ; and in one ^r tmo Hmtb «re 2 eq. 
of metal to 1 eq. of oxygen. 

A neutral salt is a compound of 1 eq» of aa oocygen aoid» wiA 
1 eq. of a base ; or a compound of 1 eq. of a metal with 1 eq. 
of the radical of a bydrosen acid. Thus neutral sulphate of 
potash contains 1 eq. of sulpnuric acid, and 1 eq. of potaan ; while 
common salt is composed of 1 eq. of aodinm, and I eq. of ddorine. 

A hydrogen acid is, in almost every case, compoaed of 1 eq. 
of hydrogen, and 1 eq. of a radical simple or compouiid. Thna 
hydrochloric acid is composed of 1 eq. of hydrogen* and 1 eq. 
of chlorine ; and hydrocyanic acid is formed of 1 eq. of hydrogeBy 
and 1 eq. of the compound radical cyanogen. 

The equivalent of an acid is that quantity which will form a 
neutral ssilt with one equivalent of a base ; and, in like manner, 
the equivalent of a base is that quantity which forms a neutral 
salt with one equivalent of an acid. 

The equivalent of potash is 47. Now, in order to form a 
neutral salt with 47 grs. of potash, 64 grains of nitric add nmat 
be added : 64 is, therefore, the equivalent of nitric aoid. Agaia, 
40 is the equivalent of sulphuric acid , and in order to form a 
neutral salt with 40 grs. of sulphuric acid, 31 grs. of aoda aie 
required. Hence, 31 is the eqmvalent of the base, soda or oxide 
of sodium. 

Since the equivalent of a compound body is the sum of the 
equivalent of its constituents, it follows, that if we know the 
equivalent of a compound, and the relative proportions by 
weight of its component parts, we can calculate the number of 
equivalenCs of each element contained in the compound. For 
example, we find by analysis, that 100 grs. of hyposulphuric aoid 
are composed of 44-69 grs. sulphur, and 66-41 grs. oxygen. We 
also find, bv experiment, that the equivalent of hyposulphuric 
acid is 72. Now, in order to ascertain the number of equivaknts 
of sulphur and oxygen contained in the acid, we first exaaune 
how much sulphur and oxygen are present in 72 grs. of the acid. 
It is clear that if 100 grs» contain 44*69 of sulphur, 72 will con- 
tain 32 of sulphur; and the remainder, 40, most be oxysen. 
But 32 is equal to 2 eq. of sulphur, the equivalent of snl^ur 
being 16 ; and 40 is equal to 6 equivalents of oxygen, or 6 times 8. 
Hence the acid in question is composed of 2 eq. (^ solphur, com- 
bined with 6 eq. of oxygen. 

The rule for the above calculation is to ascertain the propoiiioBS 
of the elements in the equivalent number of the compound ; and 
as these proportions represent respectively the sums of the eqoiT- 
alents of the elements, to divide tiie numbers by the equivalenta. 
In the above case, 32 (the proportion of sulphur in 72, the 
equivalent of the acid) -^ 16 = 2 eql of sulphur ; and 40 (the pro- 
portion of oxygen in 72 of the aoid)-r*8 » 6 eq. of oxygen* 
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' In eaftes where we have ascerUiiied the proportkms of the 
^atements in a compoond, but are ignorant of its equivalent or 
combining proportion, we cannot determine with oertuntj the 
absohite, but onlj ihe relative number of equivalents contained in 
ihe compound. For example, it is shown that 100 grs. of sugar 
of milk GODtain-N- 

Carbon 40*45 

Hydrogen • 6*61 

(hcygen 63*04 

100*00 

£ut as sugar of milk enters into hardlj any combinations, we 
cannot ascertain its combining proportion or equivalent, and thus 
It is, of course, impossible to tell how many eqmvalents of carbon, 
hydrogen, and ozy^n, are contained in 1 eq. of sugar of mi}k» 
But we can ascertam the relative numbers of equivalents as fol* 
lows. Divide the weight of carbon in 100 parts of sugar of milk, 
b^ the equivalent of carbon, which is 6 : 40-45-f-6 » 6*74. Next, 
divide the weight of h^dro^;en in 100, which is 6*61, by the equiv- 
alent of hydroffen^ which is 1 : 6*61 -f- 1 == 6*61. Lasthr, divide 
^2*94, the weight of oxygen in 100, by 8, the equivalent of oxygen. 
52*94 -f- 8 = 6*6 1 . Here, then, the relative numbers of equivalents 
of carbon, hydrogen, and oxygen, are represented by the numbers 
6*74, 6*61, and 6*61 : or, maiking allowance for the unavoidable 
errors of manipulation, there is an equal number of equivalents of 
each. We cannot say whether su^ar of milk contains 1, 2, 3, 4, 
6, 12, or any other number of equivalents of each of its elements : 
we only know that if 1 eq. of sugar of milk contains 6 eq, of 
carbon, it must likewise contain 6 of oxygen and 6 of hydrogen. 

When a body, A, combines with B and C, and the number of 
equivalents of B and of C, which respectively unite with 1 or 
more equivalents of A is equal, the compounds A B and A C are 
ftaid to correspond in constitution, or they are caUed correspond- 
ing compounds. Thus 1 eq. of potassium combines with 1 eq. of 
oxygen, and 1. eq^ of potassium combines with 1 eq. of chlorine* 
and we say that chloride of potassium and protoxide of potassium 
(potash) are the corresponding chlorine and oxygen compounds 
of that metal. 

When two oompouads, A B and C D, respectively consist of an 
equal number of equivalents, they are said to be proportional 
oompouads. Thus, oxide of potassium contains 1 eq. of oxygen, 
and 1 eq. of potassium ; hydrochloric acid contains 1 eq. of by* 
drogen and 1 eq. of chlorine ; and we say that the compomtion of 
byc&ochloric acid, is proportional to that of oxide of potassium 
(potash). 

When two propoartioQal compounds mutnaHy decompose each 
Other, the resnltiog oompounds are likewise proportional ; and we 
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have a complete ease of doable deoompoNtioii. Thus 1 eq. "hj" 
drochloric acid and 1 eq. oxide of potasaam, act on each other, 
and give rise to water ( 1 eq. oxygen and 1 eq. hydrogen) and to 
chloride of poiassiom (1 eq. chlorine and 1 eq. potasnom), which 
new compounds are obviously proportiooal. Any excess of either 
of the original compounds, beyond the 1 eq. required, remaiiiB 
undecom posed, and mixes with the new compounds. 

When two bodies act on one another, which are not proportional, 
they may do so in the proportion of 1 eq. of each, or in the pro- 
portion of 1 eq. of the one compound to 2 or more of the other. 

In the former case there may be formed — 

1. Two new compounds, not proportional to each other, but 
corresponding respectiyely to the two original compounds, or—* 

2. Two new proportional compounds, in which case one oC 
the elements of one of the original compounds most be partially 
separated. 

We may thus hare -^ 

1. A B + C D D producing A C+B D D ; or, 

2. A B + CDB producing A C+BD + D. 

In the latter case there may be formed — 

1. An equal number of new compounds, not proportional, but 
corresponding to the original compounds. 

2. Two new compounds, proportional to each other, in which 
case an element has been partially separated. 

3. Two new compounds, not propordonal, and one of which 
does not eren correspond to either of the original compounds. 
Here also an element has been partially separated. 

We may thus have — 

1. A + 6 B and 6 C D producing A + 6 C and 6 B B. 

3. A-l-2 B and 2 C D producing A C, 2 B D, and C. 

3. A + 6B and5 C D producing A + 3 C, 5BD,and2C. 

Numerous examples of these and of many similar modes of 
decomposition will occur in the course of this work. For the 
present, our space makes it necessary to confine ourselves to the 
general statements. 

Under all circumstances, and in the most complicated chemical 
changes, the composition of the new products must admit, when 
expressed in equivalents, of a distinct relation being traced to the 
composition of the compounds from which these products have 
been derived. It is to the steady application of this principle 
to the investigation of the complicated decompositions of organic 
compounds, that we must ascribe the amazingly rapid progress 
which has of late been made in organic chemistry. 

It is obvious that where we are unable to trace the relation 
above mentioned between the products and the substances which 
yield them, this must be looked upon as a proof that we do not 
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.yet folly understand the changes we are investigating; and that 
.we are either mistaken in the composition which our analyses lead 
us to assign to one or more of the new compounds, or have over- 
looked some one or more of the products actually formed. 

The laws of combination which have been briefly indicated in 
Uie foregoing pages, have been deduced from accurate observa- 
tion, and are nothing more than an abridged expression of facts. 
They are consequently entirely independent of any theory or ex- 
planation of their causes which may be attempted. Neither is it 
necessary to attempt any such theory or explanation, since, for all 
practical purposes, the facts alone are required. 

But the human mind is never satisfied with observing and 
ascertaining^ facts, and deducing from them those general expres- 
sions which are called laws of nature. Man ever strives to ac- 
count for, to expldn, that which he has observed : and although 
his explanations never reach the essence of things, but only enable 
him to generalize to a greater extent, and to approach somewhat 
more nearly the Great First Cause of all, still it appears to be a 
law of his mtellect, that he shall never cease from his attempts to 
explain, by reference to some simple principle, the comphcated 
phenomena by which he is surrounded. 

The fjEtcts of gravitation are well known, and entitle us to admit 
the law, that all material bodies have a tendency to move toward 
each other with a force which is proportional to their masses, and 
which varies inversely as the squares of their distances. To ac- 
count for this, we are in the habit of assuming the existence of a 
certain force which we call the attraction of gravitation. But we 
know nothing of the nature of this force ; and, assuming its exist- 
ence, it is only known to us by its efifects. Nor does the assump- 
tion enable us to understand how, in what way, it acts in attracting 
masses of matter toward each other. ^ 

But if we assume the existence of such a force, acting according 
to the above law, then we can deduce, as necessary inferences 
from these data, all the phenomena which have been observed, 
and many which have not been observed, but which we are thus 
enabled to anticipate. There is, therefore, an obvious advantage 
in assuming the existence of this supposed cause, as we are thus 
enabled to remember and to classify the phenomena much better 
than in the form of a dry catalogue of facts, not attached to any 
common idea. 

If, in like manner, we seek for some hypothesis which shall 
account for the facts of combination in definite and multiple pro- 
portions, the first obvious conclusion is that the cause of these 
phenomena must be intimately connected with the mechanical 
constitution of matter. But since our senses are not capable of 
directly taking cognizance of the ultimate physical constitution of 
matter, and smce the idtimate causes of natural phenomena aiv 
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alio beyond the readi of oar sensed, we most hmfe reoonrse %> 
induetion from fJEtets, or to some hjrpothesis regsrdiog the eonslita- 
Ikm of matter, which may serve to en>lain the phenomena. 

Different opinions have been held as to tne conslitution of 
matter ; but two in particular have prevailed. According to one, 
matter is sosceptibie of being divided ad infinihim : aoemiing to 
the other, matter is formed of particles, which are indeed veir 
minute, far too minute to be cognizable by our senses ; but whi<m 
sdil possess a definite size, and cannot be divided. They are 
hence called atonu. 

Now it is very remarkable that if we assume the hitter view, or 
that which is called the atomic constitution of matter, to be cor- 
rect, and if we further assume that the individual atoms of differ- 
ent elements possess different weights, but always the same weight 
in the same element, we can, from these data, deduce all the fMtB 
of combination in definite and multiple proportions. This is the 
theory proposed by Dalton — The Atomic Theory. 

No other hypothesis hitherto proposed is capable of explaining 
the phenomena ; and therefore in the present state of our knowl- 
edge, and until a better explanation shall be given, we may admit 
ihe atomic theory. It is to be observed, however, that we have 
no positive proof of its truth, nor are we likely to obtain such 
proof. On tne other hand, the discovery of any lact inconsistent 
with the atomic theory would compel us to reject it, even if we 
had no other theory to supply its place. But whether the atomic 
theory be admitted or not, the facts of combination in definite and 
multiple proportions remain unaffected. 

Atomic Theory. 

According to the atomic hypothesis, therefore, matter is com* 
posed of certain minute, indivisible particles, or atoms ; and con- 
aequently cannot be divided infinitely. We may divide a mass of 
matter to a very great extent, fisir beyond the point at which our 
senses cease to be able to follow ; but still there is a limit to divis- 
ibility, and we should reach that limit if we succeeded in dividing 
so far that the resulting particles were the individual atoms. 

Here it may be observed, that the partisans of the opimon 
according to which matter is infinitely divisible, argue thus : there 
is no conceivable particle of matter so small that we cannot con- 
ceive it to be divided into two halves, and so on ad infinitum; 
therefore there is no limit to the divisibility of matter. 

Now while we admit that there is no hmit to ow eoneeptUm of 
the divisibility of matter, this does not prove that there may not 
be a limit, in point of fact, to its actual divisibility. For let us 
consider a moment what division really is ; and we shall find that 
it can only be defined as the separation of one portion of matter 
finom others. Now as matter, m its usual forms, undoubtedly 



oonajBts of particles held togetber, more or leas firmly, by odbeaioB* 
it is plain that -we can easily, by overcoming cohesion, separate 
'those particles from each other; and this is ordinary division. 

But, on the atomic hypothesis, each of these visible ordinary 
particles is, like the original mass, formed of still smaller particles 
cohering together, but, in neither case, in absolute contact. Ia« 
deed, the phenomena of expansion by heat, and contraction by 
cold, demonstrate that the particles of matter are not In absolute 
contact: in other words, an ordinary mass of matter may be 
defined as a portion qf space not eniirdy filled wiih rnuxUer. 

Let us now define an atom as a portion qf space entirely fiUed fy 
matter, and we see at once that such a mass cannot possibly admit 
of division. It is strictly a unit, and as division implies separa- 
tion of one unit from another, it is here evidently impossible. It 
is not meant that we can prove this to be the nature of atoms, for 
. we cannot even prove their existence : but the object of the above 
illustration is to show that we can conceive the existence of an 
.indivisible particle, and therefore that the argument above des- 
cribed in favor of the infinite divisibility of matter is not aecess^ 
rily conclusive. 

Such a particle or atom as has now been defined, or, in oth^r 
words, a single portion of matter entirely filling the space bounded 
by its circumference, cannot be cut in two like a mass of matter, 
for there is no interstice into which, as in ordinary matter, the edge 
of a cutting instrument Can penetrate ; and it cannot, being a unity 
be separated from itself. It cannot be crushed to powder, for the 
particles of a powder existed previously as distinct particles, in the 
solid mass of matter, and were only separated by the force em- 
ployed. It cannot be drawn out like metal into wire, or beat out 
mto thin leaves ; for both drawing out and beating out are merely 
new arrangemente of a plurality of particles, and we have here 
only a unit. 

Moreover, such a particle or atom would, in all probability, be 
.spherical, since no reason can be assigned why one dimension 
snould exceed another. It would no doubt be opaque ; for trans- 
parency is the result of the passage of light through the vacant 
spaces between the particles of matter: and colorless, because 
color depends on the action of the particles of matter on light; 
and it would be perfectly hard. 

In short, it is evident that we can imagine indivisible atoms to 
exist ; and that the physical properties of matter are not in any 
degree inconsistent with the idea that it is made up of such atoms. 

The atomic hypothesis goes on to assume that the atoms of the 
different elements possess dififerent weights, but that those of the 
same element possess invariably the same weight. 

The third assumption is, that when one element unites with 
another, the atoms of the two respectively combine. Thus, an 
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atom of A combines witih an atom of B» to form an atom of the 
compound AB. Or two atoms of A nnite with three atoms of B^ 
to form an atom of the compound AABBB. 

A distinction must here he made between simple or elementaiT 
atoms and compound atoms. It is obrious that an atom of Ad, 
if it contain an atom of A and an atom of B, may be decomposed, 
and A separated from B. AB is, therefore, not an atom m the 
fullest sense of tlie word. But A cannot be separated from B by 
mechanical means, or otherwise than by chemical agency ; so that, 
in a mechanical sense, AB is an atom, although a compound one. 
A mass of the compound AB is made up of mechanically indivi- 
tible, but chemically divisible, particles of AB, each of which, 
although it may be called an atom, contains an atom of each of 
the elements. 

The absolute weight of the atoms of the different elements is 
altogether unknown. If, indeed, we had any means of ascertain- 
ing the number of atoms in a giren weight of any element, in one 
ffrain for example, we should know the actual weight of each atom ; 
but this is for the present beyond our power. 

But we know the relative weights of two elements which com- 
bine to form a given compound ; and, therefore, if we assume that 
the compound contains one atom of each element, we know at 
once the rdaiwe weights of the atoms of those elements. Thus, 
8 grs. of oxygen unite with 1 gr. of hydrogen to form 9 grains of 
water ; and we assume that water contains 1 atom of each element, 
or an equal number of atoms of each. In that case it is clear that 
ihe relative weights of the single atoms must be the same as those of 
what are assumed to be equafnumbers of each ; and, consequently, 
1 atom of oxygen will be eight times heavier than 1 atom of hydro- 
gen. If the 8 grains of oxy^n contain 8|000,000 of atoms, then 
1 atom of oxygen would weigh ^^^^l^^j of a gndn, and 1 atom 
of hydrogen ttt^tt? ^^ ^ grain. But although we shall most 
probably never know the actual number in a given weight, or the 
absolute weight of the atoms, we are not the less sure that, if mat- 
ter be composed of atoms, differing in weight for each element, 
and if water be formed by the union of an equal number of atoms 
of oxygen and hydrogen, then 1 atom of oxygen must be eight 
times heavier than 1 atom of hydrogen. 

These numbers, then, express merely the relative weights of 
these atoms : on the above assumptions, 8 represents the weight 
of an atom of oxygen, if an atom of hydrogen be supposed to 
weigh 1; and 12-6 will represent the weight of an atom of hydro- 
gen, if an atom of oxygen be supposed to weigh 100. It is 
evident that any other numbers mignt be used, provided the ratio, 
in this case that of 8 to 1 , were kept up. 

It is now easy to see, that the atomic hjrpothesis, if assumed, at 
(moe explains all the facts of combination in definite and multiple 
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proportkms. As has already been remarked, no odier hypothesis^ 
yet proposed, is capable of doing tliis ; and, therefore, while we 
must not lose sight of the fact that the atomic hypothesis has not 
been, and indeed probably never will be, demonstrated to be true, 
we are justified in adopting it until it shall be proved to be false, 
or until a better one shall be proposed in its stead. 

It will be observed that the weights of the at(Hns, or atomio 
weights, as they are termed, coincide with the equivalent numbers 
previously given. When, therefore, the term atomic weight is 
used, it is not as implying the established truth of the atomie 
theory, but only as a convenient synonym for the term equivalent, ' 
or for that of combining proportion. Whichever name we use, it 
must never be forgot that the facts remain unchanged, and are 
independent of all hypothesis. 9 grains of water invariably con* 
tain 8 of oxygen and 1 of hydrogen, whether we speak of the 
combining proportions, the equivalents, or the atomic weights of 
oxygen and hydrogen being represented by the numbers 8 and 1* 
The two former expressions have the advantage of simply express* 
isg the fact without any allusion to hypothesis, and are, therefore, 
•inctly speaking, preferable ; but the latter is much used, and may 
Bafely be employed when properly defined. 

In this country, the terms equivalent and atom have been from 
the beginning held to be entirely synonymous. On the Continent, 
this has not been the case : for the equivalent of many elements^ 
such as hydrogen, chlorine, &c., has been there assumed to con- 
tain 2 atoms; and hence the atomic weight of hydrogen, for 
example, has been on the Continent one-half of that adopted here. 

This is a matter which is, to a great extent, arbitrary, and only 
afifects the mode of viewing and representing the composition of 
certain compounds. Thus Continental chemists, admitting as we 
do that 9 grains of water contain 8 of oxygen and 1 of hydrogen, 
consider water to be composed of 1 atom of oxygen and 2 atoms 
(s8 1 equivalent) of hydrogen ; they, consequently, give to hydro- 
gen the atomic weight of 0*5, that of oxygen being 8 ; or 6-25, 
that of oxygen being 100. 

It is not easy to decide whether water be composed of 1 atom 
of each element, or of 1 atom of oxygen to 2 aioms of hydrogen. 
But as both parties agree that water contains 1 equivalent of each 
element, it is obvious that the system adopted in Britain, by which 
equivalent is made entirely synonymous with atom, has the veir 

Seat advantage of superior simplicity ; and that system willj 
erefore, be followed in this work. Within the last year or two» 
several of the most distinguished chemists on the Continent have 
adopted the British system in this respect, and there is little doubt 
that it will, ere long, become universally prevalent. 

The table of equivalents, formerly ^iven, is, therefore, at the 
same time, a table of atomic weights. It is now time to give rulei 
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fer tbe use cf tliat table, and particiilaHj for tbc ose of the mMre* 
riadons or sjmbols there atUebed to the e!eBeDt5, in the eooatrae- 
lion of fomnila. 

Chkmicai, 8tmbou axd FoRiinA. 

These hare nothing in comnion with aJgebraica] sjmbols and 
Ibnnnla. Thej are mere abbreriations, and aie intended io 
express cmly the arithmetica] operations of addition and snbtractioB. 
Varioos systems oaye been giren to the world : bnt that whieh 
has finally obtained the most extensire emrencT amcmg the chem- 
' ists of the day, is one proposed by liebig and Poggoidorfl^ which 
we now proeeed to explain. 

The symbol of an element, standing alone, signifies 1 atom, or 
eqniralent, of the element Thns O stands for 1 atom of oxygen, 
H for 1 atom of hydrogen, and Fe for 1 atom of iron (ferrom.) 

A symbol, with a small figvre below and to the nght, sagnifica 
as many atoms of the element as the figure expresses. Thus Om 
means 2 atoms of oxygen, Ss, 6 atoms of snlphnr. 

Two symbols joined by the sign +, or amply placed together, 
ngnify a compound of 1 atom of each element. Thus H + O, or 
simply H O, means water, a componnd of 1 atom hydrogen, and 
1 atom oxygen. 

If a figure be attached, as aboTe, to either or both symbok, it 
multiplies that symbol only to which it is attached. Thus Mn 0» 
is the symbol for peroxide of manganese, a compound of 1 eq. 
manganese and 2 eq. oxygen. Cut O is Ihe sjrmbol of suboxide 
of copper, composed of 2 eq. copper and 1 eq. oxygen. Fes Os 
is the sjrmbol of peroxide of iron, which contains 2 eq. of iron and 
3 eq. of oxygen. 

'When a compound, formed of two or more compounds, is to be 
expressed, the compounds which combine are joined, either by a 
+ sign or br a comma. Thus H O + 8 Os, or H O, 8 6», 
both signify hydrated sulphuric acid, a compound of 1 eq. water 
and 1 eq. dry sulphuric acid. 

A large figure, printed on the same leyel as the symb<^, and to 
the left of it, mullipHes every symbol as far as the next comma, 
or the next + sign ; or it multiplies all within brackets if placed 
before them. Thus 2 H O means 2 atoms of water, 2 8 Os, K O, 
H 0, represents bisnlphate of potash, a compound ojf 2 eq. sulpha* 
rlc acid, 1 eq. potash, and 1 eq. water. It might also be written 
2SOs+K0 + HO. But the following, 2(S04, KO,HO) 
would signify 2 eq. of a compound which was formed of 1 eq. 
sulphuric acid, 1 eq. potash, and 1 eq. water. 

When a compound contains 3 or more elements, the symbols 
are written simply one after the other, with the necessary figures. 
Thus, sugar is represented by Ch Hid Ow : that is, 12 eq. car- 
bon, 10 eq. hydrogen, and 10 eq. oxygen. Alcohol is C« Iif Os. 
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' If we wi^h to show that any compound of three or more ele* 
ments really contains two oompoonds, it is expressed in the foUow- 
inff manner : alcohol, C4 H« Oa , when viewed as a compound of 
ether and water, becomes C4 H« + H 0. Benzoic ether, Cu 
Hw O4, becomes CuHs O9 ^benzoic acid) -^ C4 H« O (ether). 
In this way we find it quite easy to express in symbols the 
composition of the most complicated substances. For example, 
crystallised alum is composed of 1 eq. neutral sulphate of potash, 
1 eq. tersulphate of alumina, and 24 eq. of water of crystallization. 
This is expressed in symbols, as follows : 

KO, S09 + Alt09,3S09+94HO. 

And this abbreviated expression contains, in a line, in addition to 
the general information concerning alum printed above, more 
information us to details than could be given in a page of print 
It informs us, for example, that alum contains 4 eq. sulpnuric 
acid, of which 1 is combmed with 1 eq. of potash, and 3 with 1 
eq. of alumina : that alumina is a sesquioxide of aluminum : that 
1 eq. alum contains 1 eq. potassium, 2 eq. aluminum, 4 eq. sul- 
phur, 24 eq. hydrogen, and 40 eq. oxygen, <&c. (&c. <&c. 

There are, besides the direct information thus conveyed by 
symbols, two most important uses to which they are applied. 

The first is, to render easily intelligible the view taken by a 
writer of any chemical change, however complicated. This is 
done by means of a formula or equation: in which all that is 
essential is, that the sum of the various symbols should be the 
same on both sides. Thus, to take an example previously de- 
scribed in words (at p. 19), the action of oxide of potassium on 
hydrochloric acid. This is expressed in a formula as follows : 

KO + HCl = HO + KCl. 

Here the symbols on the left are those of the bodies which act on 
each other, oxide of potassium and hydrochloric acid ; while those 
on the right are the symbols of the new compounds produced, 
water and chloride of potassium. 

Or, to take a more complicated case. 

Sugar, C12 Hio Oio, when acted on by 6 eq. of hyperman- 
ganate of potash, EO, Mna O7, gives rise to 6 eq. of oxalate of 
potash, E 0, Ca O3, 12 eq. of peroxide of manganese, MnOa, 
and 10 eq. of water. All this is briefly and clearly expressed by 
the equation 

Ci>HioOio+6(KO,Mns 07) = 
6(K0, C« O8) + 12MnO« + 10HO. 

The second very important use to which these equations are 
applied is, thai of calculating the quantities of the different sub- 
stimces which must be employed, in order to operate as econom* 
ically as possible, and likewise the weight of the products which 
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ought to be obtained. Thus, in the last example, we wisli to 
know -what proportions of sugar and hypermanganate of potash 
ought to be used, that nothing of either should be wasted ; and 
also how much oxalate of potash, peroxide of manganese and 
water will be obtained. By means of the above equation, and 
the table of atomic weights, we can easily make all these calcula- 
tions. Since the equivalent or atomic weight of a compound is 
the sum of those of its elements, it is obvious that the equivalent 
of sugar is equal to the sum of 12 eq. of carbon -4- 10 eq. hydro- 
gen >f* 10 oxygen. Now, by the table, the equivalent of carbon is 
6, that of hydrogen 1, that of oxygen 8. Hence the equivalent 
of sugari8 = 6 X 12+ 1 X 10+8 X 10 = 72 + 10 + 80 = 162. 
In like manner the equivalent of hypermanganate of potash is found 
to be, in round numbers, 160. For every 162 parts, therefore, 
of sugar, we must employ 6 times 1 60 = 960 parts of hyperman- 
ganate of potash. The whole materials employed amount to 1 122. 

On the other hand, we obtain of oxalate of potash, the equiva- 
lent of which is (in round numbers) 84, 6 equivalents = 504 ; of 
peroxide of manganese, the equivalent of which is 44, 12 equiva- 
lents = 528 ; and of water, the equivalent of which is 9, 10 
equivalents = 90 ; the whole products amountincr to 1122. 

It is hardly possible to exaggerate the value or so easy a method 
of representing chemical changes, and of making all the necessary 
calculations connected with them. Every chemist, and every stu- 
dent of chemistry, ought to be quite familiar with the use of chem- 
ical formula ; and, indeed, without this knowledge it will soon be 
impossible to read chemical writings. The use of formula enables 
the writer so easily to put before his readers, in a very small space, 
any conceivable view of the phenomena, such as might require 
pages to explain in words, that they are now universally employed. 

Even in tne commonest use of symbols and atomic weights, Uiat, 
namely, of expressing the composition of any compound, the 
advantage derived from their employment is immense. Thus, 
previous to the invention of tables of atomic weights, chemists 
could only express the composition of a compound by giving the 
proportions of the elements contained in 100 parts. For example, 
water, the protoxide of hydrogen, was found to consist of -r- Hy- 
drogen, IMl ; and oxygen, 88-88, in 100 parts ; while the deut- 
oxide of hydrogen was found to consist of— hydrogen, 5*89 ; and 
oxygen, 94' 11, in 100 parts. It is very difficult for the memory 
to retain these numbers with accuracy, even in the case of a few 
such compounds ; how much more so, then, must it be to remem- 
ber the composition of the numerous bodies with which ^e 
chemist is constantly occupied ? 

If however, we have recourse to symbols, we have only to 
express the composition of water by H 0, and that of the deutoz- 
ide of /hydrogen by H Oa ; and referring to the table of atomic 
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wdghts, we find that the former contains one of hydrogen to 8 
oxygen, and the latter, 1 of hydrogen to 16 of oxygen. Even if 
we could not retain these latter nambers, we should thus still 
derive great benefit from the use of symbols ; but the fact is, that 
we soon learn the atomic weights of the more important elements, 
and are not compelled to have recourse to the table for them. 

But this is not all ; for in the numbers, as given in 100 parts, 
we can trace no relation ; and, consequently, if we commit them 
to memory, must do so as bare numbers. In the symbols, on the 
contrary, we see at a glance that the same quantity of hydrogen 
which, in water, is combined with a given weight of oxygen, is 
combined with double that weight in the deutoxide of hydrogen ; 
and we are thus supplied, not only with a fact, in itself of the 
highest value, but also with a link by which the composition of 
two substances is associated in the memory, and therefore retained 
with facility. 

Before quitting this part o^ ^^^ subject, it is well to point out 
two results which follow from the atomic theory. 

The first is, that since, by definition, an atom is that which can-' 
not be divided) there cannot be formed a compound of 1 atom, or 
equivalent of one element, and 4- an atom (or any fractional 
number of atoms, as 1^, 2^, <fec.1 of another element. Should 
such proportions appear to exist, tney must be so expressed as ttf 
get rid of fractions, otherwise they imply a contradiction in terms. 
Thus, for example, iron combines with oxygen in two proportions. 
In the first compound, or protoxide of iron, 28 parts (1 eq.) of 
iron are combined with 8 pisu-ts, or I eq., of oxygen. We, there- 
fore, assume this compound to contain 1 atom of each element, and 
express it in symbols by Fe 0. In the other oxide, or peroxide of 
iron, 28 parts, or 1 eq., of iron are found to be combined with 12 
parts of oxygen. Now, 8 being 1 eq. of oxygen, 12 must be l-)* 
eq. But as It would be absurd to call this oxide a compound of 1 
atom of iron and 14 atoms of oxygen, we get rid of the fraction by 
doubling both numoers, and we represent the peroxide of iron by 
Fes O3. Here the proportion is still that of 1 to 1^, but the 
absurdity of dividing an atom is avoided. It is obvious that the 
atomic weight of the compound is double what it would be if we 
had retained the fraction ; for Fea= 66, and 03,= 24 : and 56 : 
24 : : 28 : 12. As the proportion is still that of 1 to 1|^ atom, 
although there are in reality, 2 to 3, this compound is frequently 
called sesquioxide of iron, from tesqui, a prefix signifying one and 
a half The prefix, sesqui, is used in many similar cases, precisely 
in the same way. 

Of course, where analysis indicates the proportions of 1 atom 
of A to 2} or 3^ of B, we, in like manner, to avoid fractions, 
express these proportions by 2 to 6, or by 2 to 7. The symbol for 
phosphoric acid is P Os : that of hypermanganic acid is Mn Ot* 
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The seccad result or oorolliiry from the alomic theory, is, tluift 
wlieD two compounds having a common element unite together^ 
the amount of the common element in the equivalent of the one is, 
to its amount in the equivalent of the other* ia a ratio which may 
be expressed by whole numbers. Thus, potash is composed of 
potassium and oxygen, sulphuric acid of sulphur and oxygeiL 
llere oxygen is the common element. Now, in aa equivalent of 
potash, KO, there is one atom of oxygens 8. In an equivalent 
of sulphuric acid, S Oa, there are 3 atoms of oxygen s= 24 ; and it 
is obvious that the oxygen in the latter is to that in the former as 
3:1. This relation is at once seen in the formula of the com* 
pound, sulphate of potash, which is KO, SOa ; and it prevails 
necessarily in all neutral compounds of sulphuric acid witn bases 
which have an analogous constitution. In nitrate of potash, K O, 
N O5, the ratio is different, being as 6 : I. When an acid, such 
as sulphuric acid, forms a neutral salt with a base of a constitution 
different from that of potash, as, for example, with sesquioxide of 
iron, the relation of 3 to 1 is still kept up : for the neutral sulphate 
of sesquioxide of iron is Fea 03,803, In a compound not neu- 
tral, such as Fes, O3, SO 3, which represents the basic sulphate 
of sesquioxide of iron, the relation is different, being that of 3 : 3 
or 1 : 1 ; but still it is capable of being expressed in whole 
numbers. 

COMBIHATIOK BT YoLUMXS. 

When two gaseous bodies combine together, it is always in such 
proportions, by volume, that 1 volume of the one gas combines 
with one or two or more volumes of the other ; and if the resulting 
compound be gaseous, its volume bears some simple ratio to those 
of its elements. Thus, 1 vol. hydrogen combines with 1 vol. 
chlorine, to produce 2 vol. hydrochloric acid ; and 2 vol. hydro* 
gen combine with 1 vol. oxygen, to form 2 vol. of the vapor or 
gas of water. It is evident, that where two gases combine in 
several proportions, the law of multiple proportions must prevaS 
in regard to the volumes, as well as in regard to the weights. 
For example, in the five compounds of nitrogen and oxygen for* 
, merly mentioned, 2 vol. nitrogen are combined with 1, 2, 3, 4, 
i^nd 5 vol. oxygen. 

The volume of the compound is in all cases either equal to the 
sum of the volumes of its component gases, or less than that sum : 
in the latter case condensation has taken place. It follows that 1 
vol. of a compound gas contains either 1 vol. of each of its con- 
stituents, or a multiple or a submultiple of a volume of one or 
both. 

It is easy to see that there must be a relation between the 
volume and the weight of gaseous elements, since the law of 
definite proportions can be traced in boUi. fi^ce water, for- 
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example, is compoBed of 8 parts by umphi of oxygen to 1 <^ bydro- 
gen, and of 2 parts by volume of hydrogen to I of oxygen, it must 
,be possible to constmet a table of combining Yolumes, as well as 
a table of atomic weights ; and in fact this may be done in re- 
gard to all those elements which may be made to assume the 
form of gas, and even in regard to some which cannot be obtained 
in that form, but which combine with gaseous elements to form 
gaseous compounds. 

If the weight of a given volume of oxygen be called t'OOO, it 
will be found that an equal volume of hydrogen will weigh sixteen 
times less, or 0*0626 ; and these numbers wul represent the relat- 
ive specific gravities of these gases. But we already know that 
in water 1 vol. of oxygen is combined with 2 vols, hydrogen ; or, 
taking the specific pavities, 1*000 oxygen with 2X0-625 » 0.126 
hydrogen. Now these latter numbers are precisely the atomic 
weights or equivalents of oxygen and hydrogen, oxygen being 
•made the standard, and ss i*0O0. Again, 1 vol. hydrogen com- 
bines with 1 vol. chlorine, to form hydrochloric acid. Now if one 
vol. hydrogen as above, be represented as weighing 0'0626, 1 vol. 
chlorine will be found to weigh 2*26 ; and these numbers are to 
each other precisely in the ratio of the eqmvalents of the two 
gases, which, on the oxygen scale, are 12*6 and 460, or on the 
hydrogen scale 1 and 36. 

It was for a long time supposed, especially among Continental 
chemists, that equal volumes of the simple gases contained equal 
numbers of atoms. Were this the case, the spedfic gravities of 
the gases, compared to oxygen as a standard, would of necessity 
coincide with the atomic weights as compared with the same stan- 
dard : and would at all events, whatever standard might be em- 
ployed, bear the same ratio to each other. Specific gravity in the 
gaseous form and atomic weight, would then be synonymous. 

Experiment, however, has demonstrated that this is not the 
case ; but that, while an equivalent of one element is represented 
by one volume of its gas, two volumes are required to make an 
equivdent in some cases : and one-half volume, one-third volume, 
or even less, in others. In the following table will be found the 
specific gravities or the weights of equal volumes of such ele- 
ments as admit of their specific gravities being either directly 
taken or calculated. In the first colunm are given the usual 
specific gravities compared to atmospheric air as the standard : in 
tne second, the specific gravities compared to hydrogen as the 
standard, in order to show the relation to the atomic weights. 

It will be observed that the numbers in the second column are 
not the same, in all cases, as the equivalent numbers of the ele- 
ments ; but many of them are so, and in these cases a volume 
represents an equivalent. The other numbers are multiples by a 
'whole number of the equivalent, oxygen being represented, for 
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example, by 16 » 2 x 8, and sulphur by 96 = 6 X 16. This 
shows that if an equivalent of hydrogen, chlorine, be represented 
by 1 vol., an equivalent of the oxygen is represented by ^ vol., 
and an equivalent of sulphur by | vol. 



Ou or Vapor. 


Bpedllo GnTlitei. 


Chemical BqulrBlmti. 


Air»l. 


HTdrogen— 1. 


By Vol. 


Bj Weight 


Hydrogen ..... 

Nitrogen 

Carbon (hypothetical) 

Chlorine 

Iodine 

Bromine 

Mercury 

Oxygen 

Phosphorus .... 

Arsenic 

Sulphur 


0-0690 
0-9737 
0-4213 
2-4700 
8-7011 
5-3930 
6-9690 
1-1025 
4-3273 
10-3620 
6-6480 


1-00 

14-12 

612 

35-84 

126-30 
78-40 

101-00 
16-00 
62-80 

150-80 
96-48 


100 

100 

100 

100 

100 

100 

200 

50 

25 

35 

16-66 


1-00 

14-15 

613 

35-42 

126-30 

78-40 

20200 

800 

15-70 

37-70 

16-10 



The knowledge of the proportions by volume, according to 
which bodies combine, and of the specific gravity of gaseous 
bodies, enables us to answer a great many questions, and decide a 
great many doubtful points in chemistry. Thus-^ 

1. If we know the specific gravity of two simple gases and the 
proportions by volume in which they combine, we can calculate 
the composition, by weight, of the compound. Thus, 2 vols, of 
hydrogen combine with 1 vol. of oxygen, to form water. Now, 
the Sp. G. of hydrogen (Air = 1-000), is 00694, and that of 
oxygen is Mill. Therefore water is composed, by weight, of 
0-0694 X 2 = 0-1388 of hydrogen, and Mill of oxygen. 

St. If we know the volumes of the elements of a compound, 
and their specific gravities, and the volume of the compound, we 
can calculate the Sp. G. of the compound. To take the same 
example, 2 vols, hydrofi^en, Sp. G. = 0-0694, and 1 vol. oxygen, 
Sp. G. = 1*1111, combine to form 2 vols, vapor of water. S'ow 
the vapor of water must weigh as much as the oxygen and hydro- 
gen taken together, that is 00694X2+ Mill = 1*2499. But 
as this represents the weight of 2 vols, vapor of water, the weight 
of 1 vol. vapor of water (or the specific gravity) must be 1*2499 
-^ 2 =0-6249. 

3. If we know the volume and the Sp. G. of one of the two 
elements of a binarv compound, and the Sp. G. of the compound 
itself, we can calculate the composition, by weight, of the com- 
pound. Thus, 1 vol. carbonic acid gas contains 1 vol. of oxygen ; 
the Sp. G. of carbonic acid gas is 1-6239, and that of oxygen as 
before is 1*1111. Subtracting the latter number from the former, 
we have 0-4128, which must represent the weight of carbon 
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united with Mill of oxygen; and this is the composition, by 
weight, of carbonic acid gas. 

4. If we know the specific gravity of a compound and its com- 
ition by weight, we can calculate the ccnnposition by Tolume. 
Rumple : By experiment the Sp. G. of the vapor of aldehyde 
(the weight of 1 vol.) was found to be 1*632; and the analysis 
of the compound showed that its composition by weight was, car- 
bon 66024, hydrogen 8*983, and oxygen 36*993, m 100 parts. 
Now, in order to ascertain the composition by volume, let us 
calculate the proportions of carbon, hydrogen, and oxygen, 
in 1-632. 

If 100 parts contain 55*024 carbon, 1-532 contain 0*84279 
" « 8*983 hydrogen " 013760 

« « 85-993 oxygen « 0*55130 

Now the specifid ffravity or weight of 1 vol. of carbon is hypo* 
ihetical or calculated ; it is assumed to be 0*42139 (see table :) 1 
vol. of hydrogen weighs 0*0694, and 1 vol. oxygen weighs 1* 11 1 1. 
It is easy to see, therefore, that 1 vol. of the vapor of aldehyde 
contains : 

2 vols, vapor of carbon • • . 0*84279 

2 vols, hydrogen 0*1388 

^ vol. oxygen 0*5555 

It is obvious, therefore, that the knowledge of the volumes in 
which gaseous bodies combine, and of their specific gravities, is 
of great value to the chemist ; but we must not forget that we 
have no evidence that equal volumes of different elements contain 
an equal number of atoms; or, in other words, that the term 
volume may be substituted for atom or equivalent, as was at one 
time supposed. On the contrary, all the recent researches on this 
pcunt go to prove that, in the case of many elements, a volume 
corresponds to two or more equivalents. 

▲TOMIO OR XQUIVALENT VOLUMES. 

The relation between the atomic weight and the specific gravity 
of bodies in the gaseous form has been briefly indicated in the 
preceding section. But the subject admits of being considered 
under diiferent points of view, according to the notions entertained 
of the atomic constitution of gases. On the supposition, for 
example, that the atoms, or ultimate particles of all elementaiy 
gases, with their surrounding spheres of heat, possess the same 
volume, all such gases would contain, in equal volumes, the same 
number of atoms. But as it is certain, that compound gases do 
not, in all cases, contain the same number of atoms in equal vol- 
umes, it is quite possible that elementary gases may also differ in 
this respect; and, as above stated, the combining volumes of 
•nlphur and of some other elements agree with this conclusion. 
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It b therefore genenlly admitted Uiat eq«al Tohmes of different 
elementary gases contain different numbers of atoms ; tluUy tor 
example, 1 vol. oxygen contains twice as many atoms, and I vol. 
sulphur (in the form of gas) six times as many atcMns as 1 t«1. 
hydrogen, 1 roL nitrogen, or 1 yoL chlorine. 

This obviously implies that the atoms, with their spheres of 
' heat, are of different sises ; and, to take the cases above men- 

tioned, that the atoms of oxygen gas are ^ the size, and those of 
sulphur ^ the siie of the atoms of hydrogen, nitrogen, chlorine, 
dkc. This is what is called the atomic volume of gases. It is not 
meant that we can ascertain the absolute volume of the atoms, 
but the relative or comparative volume of tlie atoms or particles 
of two or more gases. 

Now, since the specific gravity of a gas depends on the number 
of atoms in a given volume, and on the weight of these atoms, it 
is evident that the atomic weight, divided by the specific gravity, 
must give the (relative) atomic volume. 

For example, let hydrogen be taken as the standard for the 
specific gravity of gases, as it is for their atomic weights, then the 
atomic weiorht of hydrogen, = 1, divided by its specific gravity, = 
1, will yield the quotient 1 for the atomic volume of nydrogen. 
Again, the atomic weifi;ht of oxygen, = 8, divided by its specific 
gravity, = 16, (that of hydrogen = 1,) gives the quotient 0-6 or 
•)-» ss the atomic volume of oxygen ; and the atomic weight of sul- 

Ehur, ss: 16, divided by its specific gravity as gas, s= 96, (that of 
ydrogen ==1) gives the quotient 0*1666 or |, as the atomic vd- 
ume of sulphur. 

We thus see, that, on the supposition above adopted that the 
atoms of different gases differ in sue, we can prove that, whatever 
be the size of an atom of hydrogen gas, an *atom of oxygen gas 
must be half, and that of an atom of sulphur gas one-^xth that size. 
It is further obvious, that the number of atoms in equal volumes 
must be inversely as the atomic volume ; or that the specific gravity 
of a gas, divided by its atomic weight, will give the number of 
atoms in a given volume. Hydrogen being retained as the stan- 
dard, then we have I ss 1 as the number of atoms in 1 volume of 
hydrogen : — y ss 2 s= the number of atoms in 1 vol. oxygen : 
j And f } ss 6 s= the number of atoms in 1 vol. gas of sulphur. 

More briefly, the atomic volume and the number of atoms are 
I the inverse of each other : so ihsX we have \ and 6, ^ and 2, 1 

and 1. 

If, while we make hydrogen the standard of atomic weights, we 
make air the standard of the specific gravity of gases, Uien we 
obtain, as quotients, a series of numbers equally comparaUe 
among themselves, but less simple and easy to retain than the 
above. We should have, for example, 1 -^00694 = 14-409 for 
hydrogen; 8-^1*10263=7-2664 for oxygen; and 16-i-6-9000 
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ea 2*3188, for the atomic Tolnmes of hydrogen, oxjgetk nnd sul- 
phur respecdyelj; and these numbers are to each other as 1, -J-, 
and }. 

In the case of solids and liquids, the relation between atomic 
weight and specific gravity is far from being so simple, in conse- 
quence of the force of cohesion interfering with and disturbing 
the resalts. We cannot ascertain whether the atoms of solid 
bodies have the same size in different bodies, or not ; and we 
ci^nnot tell whether the difference of specific gravity depends on a 
difference in the number of the atoms, in an eqnal volume, a dif- 
ference in the size of the atoms, or a difference in the size of the 
interstices between the particles, or possibly on two or more of 
these causes. 

Some chemists assume that there are no interstices, but that the 
atoms wholly fill up the space within the circumference of the 
body. On thu supposition, the atomic weight, divided by the 
-specific gravity (in solids and liquids), must give the atomic vol- 
imie. It is difi&cult, however, to admit the absence of interstices 
or pores in solids and liquids, if we consider them formed of 
atoms ; and it is perhaps better to use the term equivalent volume 
instead of atomic volume. 

The equivalent volume, then, of a solid or liquid is obtained by 
dividing the atomic weight (or rather equivalent number) by the 
specific gravity in the solid or liquid state. Water, the standard 
for the specific gravity of liquids and solids, may be made the 
standard of equivalent volumes. 

Thus the atomic weight of water, = 9, divided by its specific 
gravity, as 1, gives the quotient 9 as its equivalent volume. The 
atomic weight of potassium, 39*26, divided by its specific gravity, 
0*866, gives 45*387 for its equivalent volume ; and the atomic 
weiffht of carbon, 6*04, divided by its specific gravity in the form 
of diamond, bs:3*5, the quotient 1*726 for the equivalent volume 
of the diamond. 

On the other hand, the specific gravity, divided by the atomic 
weight, gives the relative number of atoms in a given volume ; 
and in the case of potasshim this is 0*866 -&-> 39*26 =s 0-0220 ; in 
the case of carbon it is 3'6-H 6*04 as 0*6794. Finally, in the case 
of water, the relative number of atoms in a given volume, which 
may be made the standard, is 1 -r- 9 :s 0* 1 1 1 1 . If, for con venien ce, 
the number for water is made 1000, then that for potassium 
becomes 198*0, and that for carbon becomes 6216. 

Assuming, likewise for convenience, the equivalent volume of 
water (the standard) to be (instead of 9) 1000, the equivalent 
volume of potassium becomes 6043, and tnatof carbon 191*666. 

We thus perceive that the equivalent (or atomic) volume of 
earbon is about twenty-five times less than that of potassium, and 
that the number of atoms of carbon contained in a given volume 
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is about twenty-fiTe times greater than in the case of potasaim. 
This compression of so larse a number of atoms into a given Tol- 
ume may be the cause of the great hardness of the diamond. 

The whole subject of equivalent volumes is full of interest ; but 
as chemists have only recently begun to study solid and liquid 
bodies in this point of view, our knowledge on the subject ts still 
very imperfect and limited. For what has h&tdy been done, we 
are chiefly indebted to Kopp and to Schiteder. 

Playfair and Joule have very lately published the first part pi 
an elaborate investigation into the volumes occupied by bodies, 
both in the solid form and when dissolved in water; and they 
have obtained results of an unexpected nature as well as of very 
great value. 

The reader is referred to their paper in the Memoirs of the 
Chemical Society. Here we have only space to allude to the sub- 
ject, and to mention that, among other curious resuHs, these 
chemists have found that many salts, when dissolved in water, do 
not add to the bulk of the water more than is due to the water 
actually present in the salts. Thus, for example, alum, 1 eq. c^ 
which contains 23 equivalents of the elements, potassium, alumi- 
num, sulphur, and oxygen, besides 24 eq. of water, dissolves in 
water without increasing its bulk more than the addition of the 24 
eq. of water must necessarily do ; so that the 23 eq. above men- 
tioned occupy no additional space, and must either be contained 
in the pores or interstices of the water, or disappear altogether as 
fiu* as Uie occupying of space is concerned, if water be supposed 
to have no pores. 

They have further shown that when salts do add to the bulk of 
the water in which they are dissolved, the increase of the bulk 
corresponds to that of a volume, or some multiple of a volume, 
of water. It is evident that these and similar researches must 
soon greatly extend our knowledge of the mechanical constitution 
of matter. 

Isomorphism. 

Most substances, when they assume the solid form slowly, so as 
to allow the particles to follow their natural attractions, exhibit, 
more or less perfectly, a regular form : in other words, they crys- 
tallise. Thus carbon, when slowlv deposited in the form of dia- 
mond, assumes the form of a regular octohedron, or of some form 
geometrically allied to it ; and common salt, a compound body, 
takes the form of the cube and its modifications, including the 
octohedron. 

Now it has been observed that the same substance invariably 
crystallizes in forms belonging to the same system, but that diflfer- 
ent substances very frequently present different crvstalline forms. 
Thus, while diamond crystallizes in regalar octonedrona, iodine 
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-tbrvM fHsute rllombie dotobedrons : and while oommon wU otjv- 
.Udliftes in ciabe8« chloride of barium yields right rhombic prisms* 

It happens, occasionally, but rarely, Ihat the same element is 
capable of assuming two crystalline forms, belonging to different 
systems, and not geometrically connected with each other. Thus 
sulphur, crystallizing from its solution in bisulphide of carbon, 
forms very acute rhomic octohedrons, but when melted by heat, 
and allowed to oonsolidafte by cooHiig, it yields oblique rhombic 
pnsms* 

The. same is occasionally ohserred in compound bodies. ThuM, 
carbonate of lime, in its common form of Iceland spar, cryatalr 
lizes in obtuse rhombohedrons and m innumerable raneties of that 
form : but in the rarer fonn of arragonite, it assumes the form of 
% rhombic prism. 

' These cases, and others which are analogous, are to be explained 
hj a different arrangement of particles, dependent most probably 
'on a difierence of temperature at the period of the formation of 
^e crystals. They are not, however, numerous enough to affect 
the general law, that the same substance always assumes the same 
crystalline form. 

. Bui ibn admirable researches of GUky-Lussac and of Mitaoh^r- 
lich have established the £act, (hat in many instances, different 
compounds assume the same form^ Thus, the following; subi* 
stances, and many others, take the form of the cube, tetrahedoo^ 
or regular octahedron, which are geoasetrically connected : chlo- 
ride of sodium (sea-salt), chloride of potassium, sal ammoniai^ 
bromide of potassium, iodide of potassium, sulphide of lead* 
fluoride of calcium, bisulphide of iron,- arseniuride of cobalt, sul* 
phata of alumina a&d potash (alum), ammonia alum, chrome alunu 
iron alum, sesquioxi^ of iron, sesquiozide of aluminum, sesqul* 
oxide of chromium. In like manner, other crystalline forms are 
found to be common to many different compounds, although Booe 
occurs so frequently as the cube and its congeners. 
. Kow, at first sight it wotild appear that no relation whateTer 
eoold exist between the form of these numeroua and very diffsrent 
ecmipouads, and ihetr composition. But on closer msnection, Uiey 
are Ibvmd to arrange themselves into groups. Of tAeae groups^ 
two may be specified among the compounds above enumerated* 
One is that of the chlorides, bromides, iodidee and fluorides ol 
laetals, having the formula MR, that is, 1 at. metal to 1 at radi* 
cal. This includes chloride of potassium K CI, of sodium Na 01, 
of ammonium (sal ammoniac) Am 01 :* to which nciay be added 
bromide of potossinm KBr, iodide of potassium KI, and fluoride 
^f calcium OaF; and this group is a very large one. It will be 
observed that the members of it contain an equivalent of a metat 
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Halted to 1 equtralent of a metalloid, and are, therefore, so bet 
analogous in composition. The next group is that of the alums. 
Common alum has this formula : 

KO, SOs + AlfOs, 3SOs+S4Hp. 

Kow if we substitute ammonium for potassium, we hare 

AmO,SOs4-AU Os, 3SOs + a4HO : 
and this is the formula of ammonia alum. Chrome alum is 

KO, SOs + Crs Os, 3SOs+a4HO: 
and another may be formed by substituting Am for K Iron 
alum is 

KO, SOs+Fet 09,3SOs + 24HO. 

And here also another alum is obtained by substituting Am for SL 
A good many more alums may be procured by substituting Na 
(sodium) for K, and Mn for Al, that is, manganese for aluminum ; 
and all these salts have the same crystalline form and the sam^ 
general properties. Here, as in the former more simple ffroup^ 
uie analogy in constitution is at once obvious. Every alum is 

mO, SOs+Mt Os, 3S09 + a4HO: 

nt stands for a metal of one class, such as potassium, sodium or 
ammonium : and M for a metal of another class, such as alumi« 
num, iron, chromium or manganese. It appears, therefore, that 
a salt, containing 1 eq. of a neutral sulphate of a protoxide of one 
of the former metals (mO, SOs), along with 1 eq. of a neutral 
tersulphate of a sesquioxide of one of the latter metals (Ms Os, 
3 SOs), and 24 eq. water (24 HO) takes the crystalline form of 
common alum, the type of this group. From this we must con* 
dude that the similar ttrranpemerU of particles prevailingin all 
tibese alums is one chief cause of the similarity in form. We see 
that the particles need not be all identical in two similar crystals ; 
for example, of common alum and of iron alum. But there must 
be an analogy between those elements the equivalents of whicli 
may be mutually substituted for each other. We find, accord- 
ingly, in all other relations an analogy between potassium, sodium 
and ammonium, on the one hand, and between aluminum, ircm 
chromium and manganese on the other. In the group first men* 
tioned, that of the chlorides, bromides and iodides of certain 
metals, we find the same analogy between potassium, sodium and 
ammonium on the one side, and between chlorine, bromine and 
iodine on the other. 

Now, to these groups of analogous elements, the name of Isomor^ 
phous groups has been given, as there is every reason to believe 
that, as elements, they possess the same form (toot, equal, and 
^Mp^, form) : and the phenomena of identical form in compounds 
of different but analofiKHis composition, have received the name of 
isomorphism. Two dements are isomorphottSf which either orys* 
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tallize in the Bame form, or may be substitaled for each other ia 
their compoimds, equivalent for equiyalent^ (the other elements 
remaining nndianged), without a£fecting the form of the compound. 

The doctrine of isomorphism enables us, in many oases, to decide 
en the formula of a compound, and, consequently, on its equiya- 
lent Thus, we have seen that aluminum or iron may be replaced 
by chromium, without change of form, in alum ; and we find that 
aesquioxide of aluminum, sesquiozide of iron, and oxide of chror 
mium, also crystalliae in the same form. Now, the composition 
of oxide of chromium was formerly uncertain ; but» finding as we 
do that it is isomorphous with the other two sesquioxides, we coi|i> 
chide that it is also a sesquioxide, and that its formula is Ors O3* 

Again, chromio acid is found to contain twice aa much oxygen 
for Sate same amount of chromium, or it may be represented as 
Cra Ob, This being a most improbable formula, we observe 
next, that chromic acid may be substituted for sulphuric acid, 
without change of form ; in other words, these acids are i6omo]> 
phous. But the formula of sulphuric acid is S Oa, and we, therc^ 
lore, conclude, that the formula of chromic acid is CrOa ; which 
agrees perfectly with the first observation, that it contains twice 
as much oxygen for the same weight of chromium as the oxide 
does ; for Cr Os is the very same proportion as Cra Oa. 

The following isomorphous groups have been established, and 
the existence of more is nighly probable : — 



1. 

Silver Ag 

Gold Au 

2. 

Arsenious acid (in its 

unusual form) . . . Ast O 
Sesquioxide of antimony Sbt O 

3, 

Alumina AU O 

Sesquioxide of iron . . Fes O 
** chromium Crt O 

** manganese Mns O 

4. 
Phosphoric acid . . . Ps O 
Arsenic acid Ass O 

5. 

Sulphuric acid . • • . S O 

Selenic acid Se O 

Chromic acid . . . . Cr O 

Manganic acid .... Mn O 

6. 
Hypermanganic acid . Mni O 
Hypeichloric add . . CI 



7. 

Salts of potash K O 

Salts of oxide of ammonium Am O 
(Or ammonia N Hs -t" wsf 
ter,HO = NH«0) 

8. 

Oxide of silver Ag O 

Oxide of sodium • • • . Na O 

9. 

Baryta Ba O 

Strontia Sr O 

Lime (in arragonite) . . Ca O 

Oxide of lead Pb O 

10* 

Lime (in Iceland spar) • Ca O 

Magnesia Mg O 

Protoxide of iron . . . . Fe O 

*' manganese . Mn O 

zinc . . . . Zn O 

cobalt ... Co O 

nickel . . . Ni O 

copper • . . Cu O 
leao (in 

plnmbo calcite) . Pb O 
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' ' The hYicywe groxipB are ahnosi idl femed of ocanpoaiidB ; eilllet 
bdoanae these ooidpounds are fcnind to be aetuailj isomorphoat 
irhetk theueelves ^rTstallised, tA, for ezanple, the aeequioxides ia 
group 5 ; or becaoee they may be mutaaliy sabstiUitod for each 
other, in thoee compounds into which they enter, without change 
^ form. Thisy as we hare seen, is the case with the.sesquioxidei 
in the alums; and, indeed, three of these oxides hare been 
obtained in crystals, and found to be themselves isomorphous. But 
It is also the ease idtb the acids *^ for example, in groups 4 and 
S ; although we do not positively know, what is> however, moat 
frobable, diat these adds possess, in each group respectively, (he 
aame form. Although, for example, we eannot say ihat araeaie 
and phosphoric acids are themselves isomorphous, sinee they do not 
erystaliize, yet their salts are stnctly isomoiphous ; and the analogy 
extends not only to fbm, but to ec^r, taste, and many other 
^external qualities. So strong, indeed, is this external resemblance^ 
that, in many cases, we must actually decompose one of these 
aalts, and ascertain whether it contain arsewcor phosphomsi 
before we can say whether the salt is an arseniate or a phoephaie. 
The same extraordinary simikuity in all external characters, ii 
aeon in the salts of the sulphuric and selenic acids. 

We can hardly doubt that not only the salts, but the adds^ axe 
«sally isomorphcms, and would be found so, if we could obtain 
them all in crystals ; and we have the same reason U> conclude 
that the elemenU of these acids are also ismorphous ; that arsenic 
and phosphorus, sulphur and selenium, for example, crystallize in 
tihe same form. 

Indeed, the only plausible explanation of the' existehc^ 6f isomor- 
phous groups of compounds is, that the elements characterizing 
those groups are isomorphous, and that hence their analogous com- 
pounds are so. If we assume that arsenic and phosphorus are 
isomorphous. tben we see that As O5 must be isomorphous with 
P O5, since the oxygen in both is, of course, the same. In lil^e 
atianner,.a^Qni|LtQ pf sqda, As O5, 2 Na O; HO, 24 aq., must be 
isomorphous. with phosphate of soda, P Oa, 2 Na 0, HO, 24 aq.^ 
nnce ail. the elements in these two. salts are the same in nature, 
number- and' arrangement, except that As in the first is replaced 
by P in the second, and the elements As and P have been 
assumed to possess the same form. 

There is one case which requires explanation. It is the isomor- 
phism of potash KO, and oxide of ammonium KH4 ; or, in 
9ther words, ammonia with 1 at. water, NHa HO.' Here we have 
a body composed pf 6 equivalents isomcnphpus with one containing 
only two. But, on the one hand, there is good, reason to believe 
that the compound metal, ammonium, NH4, exists; and if we 
represent this by a single symbol Am, ita oxide will be Am O, 
torresponding ia oonstiiution to E O,* eaiok being, formed of 1 eq. 
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tt^tsl, and 1 eq. cETirgeii. It is tru^, Am is h tfompound ; but, oa 
the other hand, this compound sets as an eloment, and Am s= NH# 
is only 1 eq. of mkUU. ^e^ides, we cannot be certain that eveii 
potasBiam> E, is not also a compound» although we have not as 
yet succeeded in deoomposing it, if it be one* At all etents, it is 
a fact, that NH4 may be substituted for K without affecting the 
form of the compound in which the substitution is made« as in the 
idums; and we have only to assume ihat the oompound NH« 
happens to be isomorphous with the simple substance E, aad all 
(he facts would £(^low. 

We shall hare occasion to return to the subject of isomorphism* 
when treating of salts generally; and of their crystaUizatioo. 

Isomerism. 

We have seen that, as a general rule, analogy of composition 
Implies analogy or similarity in form and external properties. But 
it has been observed in a number of cases, that two or more com-* 
pounds,' formed of the same elements, in the same relative propoiv 
tions, and having, therefore, the same composttion in 100 partSy 
ure yet entirely distinct from each other in all their properties* 
Such bodies are called isomeric bodies (ivom »<jo^ equal, and 
fwpof, part.) 

It is obvious that, as the proportions of the elements are the 
same, the source of the diffeiBHce in properties must be sought for 
m the abs^fOe nmmberf or in the arranffemfnt of the atoms. Thus, 
Acetac ether and aldehyde are two entirely different liquids, con* 
taining exactly the same relative prcmorttons of carbon, hydrogen, 
and oxygen. Thease proportions, reduced to the smallest number 
of atoms, are Cs H^ O. Now, there is no doubt that the absolute 
numbers in aldehyde are G« H4 Oa ,* and there is also no doubt 
that the absolute number of equivalents in acetic ether is Gs Hs Oi. 
Here it is evident that, although the pxxnrartions are the same, the 
equivalent of ascetic ether is twice as large as the equivalent of 
aldehyde. Again, the composition, in 100 parts, and consequently 
Ibo relative proportions of the elements, of urea is exactly the same 
as in hydrated cyanate of ammonia; while the equivalent of both 
compounds appears to be the same, or, in other words, they con- 
tain the same absolute number of atoms of the element But we 
know that the hydrated cyanlte of ammonia is represented by 
NHs + C2 NO, HO ; and that urea contains neither ammonia 
NH3, nor cyanic acid Ca NO. Let us suppose the atoms in urea 
to be simplv united thus, CaNaH!4 0a, and we see at once that the 
same relative and absolute number of atoms may readily give 
rise to perfectly distinct compounds. In sbnie cases, we know 
what the arrangement is in both compounds. Thus, hydrated 
acetic acid, C4 Ha Os, H 0, and formiate of oxide of methule^ 
:Gs H« 0+ Os H Os, both <}ontaia Ci H4 O4, Such isomeric 
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•ompouds are e$BeA mdamerie; mad when tibe nlwoiiite innibcr 
•f atoms diflen, pcfymme; where the abeohrte nniDher in one or 
bodi is unknown, they^ are eaDed simplj uofmeric. 

It is essj to see that, wherever the atoms of the elements of a 
eompoond admit of more than one arrangement, meCamene eom- 
poonds maj oeenr. In hinaij eomponnds, sodi as water, H O, 
tiiere is bnt one arranfijement possible, as Vmg as the afasohite 
■amber of atoms is not ckmbled, trij^ed, or still farther multiplied. 
Bnt in such a compound as peroxide of in», Fes O3, for ezample» 
tiie elements might yield several metameric compoimds, sneh as 
2 FeO +0, FeO+FeOs, Fe+FeOf , not to mention the maltitade 
of eompoonds which m^t be fonned with predaelj the samt 
composition in 100 parts, by increasing the absolnte number of 
atoms. 

The discovery of isomerism, however unexpected, is thus entirelj 
consistent with the atomic theory, of which it is merely a special 
case. Isomerism is of very frequent occnrrenoe among organic 
compounds, owing, no donbt, to their usoally large atomic weightB^ 
nioe the numerous atoms of the elements affiira much scope for 
isomeric modifications ; and doubtless this principle plays an in^ 
portant part in the processes of organic lifo and growth, as wdl as 
m decay. 

Havii^ prenused the preceding general or introductory remaiks^ 
we now proceed to the actual descrmticm of the elements, and of 
tiieir compounds, which constitutes Chemistry, prc^rly so-called. 

It is not possible, in the present state of our knowledge, to fol* 
few any arrangement that shall not be open to objection. The 
different classes or groups of elements are not so clearly character* 
ised as to permit us to follow a strictly scientific arrangement^ and 
therefore we shall only adhere to the division of the elements into 
metolloids and metals ; and, banning with the former, describe 
the elements in the order of their importance and interest. It has 
already been stated that even this division is not always fully 
observable, since selenium is classed by some as a metal, and 
arsenic by others as a metalloid. 



METALLOIDS. 

There can be no hesitaUon as to that element which, being the 
most important of all, ought to be first treated. We therefore 
proceed to describe — 

1. OZTGEX. 03=8*013. 

which is of all elements the most abundant; forms 89 p. c. by 
weight of all the water, and 23 p. c. of the atmospheric air of our 
globe ; exists in all rocks, except rock salt ; and is an essential 




981 

•lement m aU animal or vegetable bodies. It constitates at least i 

of the weight of oar earth. 

Obtained most easily by applying a heat rather below redness 

to a mixture of chlorate of potash with | of its weight of peroxide 

of manganese. The latter 
Vis-SL undergoes no change, but 

promotes in a high degree 
the decomposition of the chlo* 
rate. The mixture being in- 
troduced into a small retort, 
or a small flask with a bent 
tube, may be heated by a 
spirit lamp, and the gas— 
which comes oft yery abund* 
antly and rapidly — collect* 
ed, oyer water, in the pneu* 
matic trough. The chemical 

change caused in the chlorate by heat is represented as follows : 

K0,C10«=s=KCl+0e. 

That is, 1 eq. of the salt yields 1 eq. chloride of potassium, E CI, 
which remains in the retort, and 6 eq. of oxygen, which escapes 
in the form of gas. 

Properties, — A gas, colorless, tasteless, inodorous. Specific 
ffrayity (air = 1.000) M026, or, according to Thomson, 1.1111. 
A burning body, as a match of wood or paper, bums in the gas 
with greatly increased brilliancy ; a spark on a piece of wood 
bursts out into a flame. Iron wire bums in it, when heated white- 
hot, with beautiful sparks. Phosphorus bums in it with an intense 
dazzling white light, &c. 

Oxygen combmes with all the other elements (except perhaps 
fluorine), and with most of them in several proportions. The 
combustion of bodies in oxygen is nothing but their combination 
with that element ; the process, from the energy of the affinities, 
being attended with heat and light. Thus, when iron bums in 
oxygen, it yields oxide of iron, Fe O ; and when phosphorus bums 
in oxygen, it produces phosphoric acid, P Os. In all such cases, 
the oxygen and the combustible body disappear, and a new com* 
pound results. 

Combustion, or the combination of a combustible with oxygen, 
goes on in atmospheric air, but much less rapidly and vividly than 
m pure oxygen, oecause, in air, the oxygen is diluted with four 
times its bulk of nitrogen. 

Many substances slowly combine with oxygen without the de« 
velopment of heat or light; as, for example, iron, when it rusts. 

In every case the combustible is said to be oxidized, or to 
undergo oxidation, and the compound formed is termed an oxide. 



S88 oxTOEH* **• <0QHfen8noir. 

Tha wliok fltraetoie of iftie4eni Oh^uistry is foondtd <m th# 

above simple theory of combustion, first proposed by Lavmsier ; 
who, by using the balonoe, discovered that the burning body 
became heavier- daring the process, and ooald not, therefer^, 
according to the then prevalent theory, have lost phlogiston (an 
imaginary element), or any thing else. 

Lavoisier, having observed that all the acids then known were 
compounds of oxygen with combustible bodies, concluded that acid- 
ity depended on the presence of oxygen, and named that element 
accordingly (from o§v;, acid, and ytvviua, to produce). The name is 
still retained, though we are now acquaintea with many acids which 
eontain no oxygen; and although, according to views now considered 
probable, hydrogen has more claim to the title of the producer of 
acids than oxygen. Besides, oxygen is now known to be an essential 
ingredient in bases, the basic power of which really seems to be in a 
close relation to their amount of oxygen. But the inconvenience of 
^hanging the name would be very great, so that, while many of the 
vi^ws of Lavoisier have been abandoned, his names are retained.' . 

Lavoisier held that combustion could not take place without the 
presence of oxygen. But subsequent experience has shown that al- 
though all combustions in our atmosphere, or in oxygen gas, depend 
on the presence of oxygen^ the phenomenon of combustion is nothing 
more or less than chemical combination, attended by heat and light. 
Uany examples miffht be adduced of combustion without oxygen. 
Take, for example, the case of iron and sulphur, whioh, when heated^ 
combine with much heat and light ; or that of phosphorus, whiehft 
when introduced into chlorine, takes fire and burns, combining with 
die gas. Although, therefore, oxygen is concerned in all ordinary- 
combustions, that is, in all which take place in our atmosphere, 
the student must bear in mind the true definition of combustion — 
namely, " chemical combination, attended with heat and light." 

Oxygen has been termed a supporter of combustion, as distin* 
guished from a combustiUe body, such as phosphorus. But we 
are not to suppose that the oxygen has any greater, or any other, 
shdre in combustion, than the phosphorus. It so happens, that 
the oxygen is a gas, and the pnosphorus a solid. The heat and 
light, therefore, appear to proceed from the phosphorus ; because 
the combustion can only take place where the two bodies are in 
contact But, in reality, both bodies are equally concerned in the 
production of the heat and light ; and while we may call phos- 
phorus a supporter of combustion as well as oxygen, we may call 
oxygen a combustible as well as phosphorus. 

In all combustions in our atmosphere, the heat and lisht, aa 
above explained, although derived equally from both bodies, or 
rather from the process of combination, appear to proceed from, 
what is usually called the combustible or burning body. But this 
is merely appearance : for while a jet of hydrogen, set fire to ini^ 



jar of oxygen, seeins ta'bvhi and give ont tbe he»t and iigiit, a 
jet of oxygen in a jar of hydrogen may be set fire to, and wiQ 
Uien appear, as the hydrogen did before, to be the source of the 
beat and light> which in both eases was denTed from the combin* 
ation of oxygen with hydrogen. 

Oxygen is necessary to the respiration of animals : but for thia 
purpose pure oxycpai is not fitted ; and it has, Iberefbre, in our 
atmosphere been diluted with lour times its volume of another ga8« 

When a large quantity of oxy^n gas is required, it is generally 
prepared by heating to redness, m an iron bottle, the peroxide of 
manganese, of which 88 parts yield 8 of oxygen, according to the 
equation 2Mn OasMrn Os-f-O. Oxygen may also be obtained 
By the action of heat on nitrate of potash or nitre, on red oxide 
of mercury, or on red oxide of lead. In practice, the chlorate of 
potash (of which 124 parts yield 48 of very pure oxygen,) although 
rather a dear salt, and the peroxide of manganese, which, althoug^h 
riot very productive, is very cheap, are alone employed. On the 
small scaJe, the peroxide of manganese, heated with sulphuric acid». 
yields twice as much oxygen as when heated per se, according to- 
the equation — 

Bin Ot+SOs3dfn O, SOs+O. 

The sulphate of protoxide of manganese, Mn 0, SO a, remains 
ih the retort. This process is troublesome, and the retort is gener-' 
ally broken during cooling. A better process, lately proposed, 
i& to heat bichromate of potash with an excess of sulphtiric acid. 

' Since oxygen unites with all the other elements* and forms very, 
numerous and important compounds, it may be well here to men* 
tion the principal classes of oxidized bodies, or oxides, as the 
compounds of oxygen are called. 

The most numerous class of oxides is that of the basic oxides 
or bases. These are formed, in every case, by the union of a 
metal with oxygen. The most frequent formula for a basic oxide 
is M O (M representing 1 eq. of a metal.) Examples, potash* K O, 
lime, Ca O, protoxide of iron, Fe 0, protoxide of mai^nese, 
Mn O. Such bases are oalled protoxides. Next to these in impor- 
tance are the sesquioxidee, the formula of which is Ms Os. Exam- 
ples, sesquioxide of iron Fe2 Oa, sesquioxide of manganese, Mna 
0*3, sesquioxide of antimony, Sbs O3. Sesquioxides are in all 
cases weaker bases than the protoxides of the same metals ; and, 
generally speaking, they are found to be weaker oas^A than pro- • 
toxides. There are a very few basic oxides of the formula M Ot.< 
Example, dentoxide or binoxide of tin, SnOs. Finally, there are 
also a very few basic oxides of the formula Ma O. Example, sub- 
oxide of copper, Ona O. Both these last kinds of bases are very 
feeble, compared to the preceding kind^ 



The next iiaporUnit cImb of oxides it Owl of Hhe ezjges 
These are most freqnentlj composed of meulloids vuted 
but there are also oxygen adds formed of metals uiited to oxjgeo. 
Examples of the former, carbooie acid C Oi, snlphiuie acid bOj* 
phosphorus acid P Os, phosphoric acid P Os, aitrie acid X Of, 
hyperchloric acid CI Ot : of the latter, araeniona acid As Os, 
aatimooiotts acid Sb O4, antimonic acid Sb Os, chronue add Gr 
O9, manganic acid Mn Os, hjpermanganic add Una Or. li will 
be observed, that the formula of adds are rery rarioos ; and it 
will also be noticed that where a metal forms an add with oxygen, 
ihat acid contains more oxygen than the basic oxide or oxides of 
the same metaL Thus, sesquloxide of antimony which is basic, 
is Sba Os, while antimony forms two acids, one Sb Oa, or Sbs Ot, 
and the other SbsO* . 

The third class of oxides is thai of the neutral or indifferent 
oxides. These are neither decidedly acid, nor decidedly basic, 
aad some of them play both parts ; on the one hand comlnning 
with bases, as a weak acid would do ; on the other, uniting with 
adds like a weak base. This is the case with water HO, which, 
itself neutral, combines both with acids and bases, forming com" 
pounds which are still acid or basic, and are called hydrates. 
Examples, HO, 80a, oil of Titriol, or hydrated sulphuric acid; 
K O, H O, caustic potash, or hydrate of potash. Others do not 
enter into any combination, but are strictly indifferent ; such as 
deutoxide of hydrogen, H Oa, and deutoxide (binoxide, peroxide, 
or superoxide) of manganese. Where, as in this last example, 
the metal also forms a basic oxide or oxides, and an add or acids, 
it is important to notice, that the indifferent oxide is intermediate in 
composition, as if a certain proportion of oxygen communicated basio 
properties, a somewhat larger proportion destroyed these without 
producing acidity, and a still larger share of oxygen gave to the com- 
pound distinctly acid characters. By inspecting the compounds of 
manganese with oxygen, we further see that of the two basic oxides, 
both of which contain less oxygen than the indifferent oxide, or 
superoxide, that which contains the most oxygen is the weaker base. 

Mn O Protoxide of manganese. A powerful base. 

Mnt Of Besqnioxide of do. A teeble base. 

Mn Ot Superoxide of do. Neither basic nor acid. 

Mn Os Manganic acid. A strong acid. 

Mnt Ot Hy permanganic acid. A strong acid. 

When the superoxide, or indifferent oxide of a metal, is acted 
on by an acid, it loses oxygen, while a basic oxide, being left, 
combines with the add ; as m the process for obtaining oxygen by 
the action of sidphuric acid on peroxide of manganese, given and 
explained at p. 66. 

Oxygen was discovered by Priestley, in 1774 ; and in the follow- 
mg year by the Swedish chemist, Scheele, without any knowledge 
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ot Priesdej's diseoveij. The time, in U^et, had come wheia 
chemistry wu studied id the true scientific spirit ; and hftd these 
illustrious men not then discovered oxygen, it must, nererthetesa, 
have been very soon discorered by some one else. 

9. HtOBOGEH. H = 1. 

Occurs in nature only in combinatioii, chiefly in the f(»m of water, 
of vhich it constitutes 1 1 per cent, by wdgfat. It is an essential 
in^edient in all organixed bodies. 

It may be easily prepared by caosiug dilated sulphnrio or 
hydrochloric acid to act on iron filing, or on grannlated zinc 
The beat apparatus for the purpose is a wide-mouthed botUe, 
famished with a closely- fitting cork. In this cork are made two 
holes, into one of which a tube properly bentia oloaely fitted, while 
into the other is inserted, also air-tight, a straight tube, reaching to 
the botUmi of the bottle, and widened at its upper end, so as to 
form a funnel. Both tubes are open at both enas, and the bent 
tnbe terminates, within the bottle, just below the cork, while its 
fiirther end dips under water in the pneumatic trough. 

The metal being introdnced into the bottle, and corered to the 

depth of an inch with water, the cork with the tubes is fitted in : 

the acid is poured in through tb« stnught tube, 

and the bottle shaken, so as to mix the acid 

and water thoroughly. Enough of acid should 

be added to cause a brisk, but not Tioleot 

effervescence ; and as the end of the straight 

tube is covered by (he liquid, the gas produced 

can only escape Uirough the bent tube. Care 

must be taken not (o collect the gas for use 

until the whole of the air originally in the 

upper part of the bottle has been expelled; 

r owerwise the &pplicati<Hi of a light might 

canse a dangerous ezplosicn. Perfat^M the 

safest way is to collect, in a large jar full of 

valer, as much of the gas which first escapes as would suffice to 

fill the gas-bottle twice, and to throw this away : what comes sub- 

MquentTy is pure. When the current of gas slackens, the addition 

of a little more acid, through the straight tube, causes it agun to 

go on as briskly as at first. 

When zinc and hydrochloric acid are employed, the process is 
represented by the following equation : Zn -^ H CI = H + Zn CL 
That is, the £inc takes the chlorine of the acid, forming chloride 
of zinc, and the hydrogen is separated. When iron and sulphu- 
ric acid are naed, toe process is expressed by the equation Fe -|- 
UO, SO], = H + FeO, SO]. Here the hydrogen is supposed to 
proceed from water, the oxygen of which forms, with the iron, 
protoxide of iron, which again unites with the sulphuric add. 



fiMcmtog sttlpbate of {>rotozide of iron. It is tote ohMnred, ibal 
this, the generally received explaaation of the latter process, is 
.Terr differe&t from that of the uxmeit although the phenomena i|i 
hoth are the same, namely, the esc^ra of hydrogen and the formic 
tion of a neutral salt. When treating of acids and salts, we shaU 
see how it is possible to do away with this complexity, and to bring 
both proceases mider one formnla.* 

(The above simple method of obtaining hydrogen gas is eqsafly 
applicable in all cases where a gas is to be produced by the aetioft 
of an acid on a 8(rfid body, without the aid of heat ; as in the cases 
of deutoxide of nitrogen, solphoretted hydrogen, carbonic acid* 
dec. It has, therefore, been described minaitely, and will hereafter 
be referred to in describing the preparation of ihe above gases.) 

FrcpeHies. — Hydrogen is aeas, colorless, tasleleai, and, whet 
quite pure, devoid of smell. When prepared from common zin^ 
or iron, it contains some foreign body, which gives it an nnpleasuit 
smell. It is the li|;htest b^y known, its op. G. being 0.0694 
(airssl), or 16 tunes less than that of oxygen. A lighted 
candle, introduced into hydrogen, is extinguished, but the hydror 
gen takes fire at the mouth of the vessel, where it is in contact 
'with the oxygen of the air, and bums rapidly away^ giving out bit^ 
Jittle light, with an intense heat, and producing water, which» by 

E roper means, may be condensed and collected. Hydrogen gas 
I not absorbed by water. 
Hydrogen does not combine so readily with other bodies as 
oxygen does. It may be made, however, to combine with most 
of the metalloids and with a few of the metals. With chlorine, 
bromine, iodine, and fluorine, it forms pow^ful acids, the general 
Ibrmola of which is H R ; f with carbon, sulphur, phosphoniSi 
selemum, tellurium, and arsenic, it forms combustible gases, 
several of which have acid properties. With nitrogen, it forms 
ammonia, N Ha, and probably two other compounds, ammonium, 
NH4, and amidogen, N Hs. 

From its extreme lightness, 100 eubic inches weighing only 
about 2*5 grs., while common air is abouJt 14 times heavier^ 
hydrogen is used for filling balloons. 

* I do not suppose that hydrogen is derived from tin deoxidation of water, 
but that it is more lilLcly obtained from the acidifying hydrogen of the sulphuric 
acid. For instance, this acid in its active state, is S0« -|- H. In the actiom 
which takes place, the hydrogen of the aoid ts simply displaced by an equiv- 
alent of zioc, and the gas is Uberated ; therefore the amount of gas which W0 
obtain does not depend upon the quantity of water which we add, so much as 
that of sulphuric acid, as it would be impossible to get more than the one 
equivalent of hydrogen which Is combined with the acid. The reason for 
adding the water, Is to dissolve the sulphate of sine, which adheres to the 
metal and woald prevent further action, sulphate of zinCf it will be recol- 
lected, being insoluble in strong sulphoric acid. SL 

, t R here tftands for 1 eq. «f any ^ the metalloids jnst mentioned. 
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' ' Besides 'the proeesses itboire described^ liyflrogen is obtaiaed bjr 
pasaii^ Die yaiKHr of wator (ftteam) over red-hot iron irbe, when 
itiie iron is oxidised at ibe expense of the water; also 1>7 piaoing 
potassium or sodium in water, when these metals are instantly 
oxidised : and bj beating to redness a mixture of potash, or soda, 
and organic matter, such as sngari saw^dust, d^e. 

BJDHOQXH AHn 0X1029. 

a. Water. HO »= 9*019. 

Hydrogen may readily be made to unite wifti oxygen, whether 
•pure or in the form of atmospheric air. When hydrogen is mixed 
with oxygen or with air, the mixture takes fire and explodes vio- 
lently on the approach of a flame, or when the electric spark is 
passed through it. A jet of hydrogen, issuing from a tube, may 
De set fire to by the same means ; and in both cases water is the 
only product. 

We have already seen that 1 grain of hydrogen combines with 
8 of oxygen to form water ; and as no other element takes up so 
large a proportion of oxygen, this is probably the reason why the 
combination of hydrogen with oxygen is attended with so intense 
a heat 

If hydrogen and oxygen be mixed in the exact proportion of 2 
vol. of the former to 1 vol. of the latter, and the mixture set fire 
to, as it issues from a small tube, the most intense heat is pro- 
duced that it is possible to obtain by combustion. The flame of 

the oxy-hydrogen blowpipe, 
as it is called, readily melts 
platinum and pipe-clay, sub- 
stances which resist the fire 
of the hottest furnaces. By 
this means, Mr. A. Kemp has 
melted 6 oz. of platinum at 
once.* 

. The gases, if previously 
mixed, should be made to pass 
through a safety-apparatus be- 
fore being set fire to ; but as 
accidents have occurred even 
when the safety - apparatus 
was tised, it is, m all cases, 
better to keep the gases in 
separate gas-holders, and to 
allow them to mix only in 
the tube, just before they are 



rig. ss. 





* Dr. Hare, «f Philadelphia, has melted twenty-three mmcet of platinum at 
once, by meana of a blowpipe of his own contrlTanoe. 0. 



288 ozT-HTOKMiBr BLownn. 

%iiited, T^fidatiog Ae floir of the two gases so as to oMsm Uie 
most intense heat Any excess of either gas cools the flame and 
diminishes the eflfeoL For the jet best adapted to this ezpeiimeat^ 
see the cut* 

When a portion of spongy platinum, or of the finely-divided 
black powder of that metal» is miroduced into a mixtare oi hydro- 
gen with oxygen, or with air, the platinum soon becomes red-hot» 
and then the explosion instantly follows. Or if a jet of hydrogen 
be thrown on the metal in the air, it becomes red-hot and ignites 
the jet On this principle is constituted the beautiful instantaneous 
light apparatus of Dobereiner. 

It would appear that the platinum possesses the property of 
cauang hydrogen and oxygen to combine on its surface, whereby 
heat is developed sufficient to make the metal red-hot ; and it then 
aete as any otfier red-hot body, sach as flame, would do. in causing 
an explosion. 

The observations of Ddbereiner on the properties of the Uack 
powder of platinum may assist us to explain this singular property 
of platinum. He found that the powder condensed within its 
pores 253 times its volume of oxygen, and as the pores occupy 
only ^ of the bulk of the powder, this oxygen must be in a state 
of condensation such that it occupies only y^j of its volume in 
the form of gas. In this state it must be denser than water, and 
we may easily conceive how it is thus rendered capable of at once 
combining with hydrogen. Spongy platinum only differs from the 
powder in being less minutely divided. 

If a jet of hydrogen be set fire to and a cold dry bell jar held 
over the flame, the inside of the jar will instantly be covered with 
a film of dew which rapidly increases, and at last condenses into 
drops of water. This water, if collected, is found to be quite pure ; 
and if a known weight of hydrogen be burned, and the whole 
water collected without loss, the weight of the water will be nine 
times that of the hydrogen : the £fference, or 8 parCs in 9 of 
water, Ls oxygen. 

This most important point — namely, the true composition of 
water — may be ascertamed in other ways. Thus, if 2 vols, of 
pure hydrogen and 1 vol. of pure oxysen be mixed and confined 
over water or mercury, and if the electric spark be passed through 
the mixture, both gases will entirely disappear, and water alone 
I will be the product. If the experiment be made in a graduated 

I tube, and if, for example, 210 vols, of hydrogen be mixed with 

* It if almost nnnecessarv to remind tho reader, that Dr. Hare, of Phila- 
delphia, is the inventor of the oxy-hydrogen blowpipe. It waa used by thia 
illnatrioaa cheroiot aeveral months Mfore he made it pnblie, and it was not 
till aome time after the appearance of his paper upon this subiect, that It 
was noticed at all in Europe. Still an attempt has been made to deprive 
Dr. Hare of his diaeovery. S. 
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100 vols, of oxygen, and ibe mixiure exploded, 10 vols, of hjdro^ 
gen irill remain unchanged ; or if the proportions had been 200 
Tols. of hydrogen to 1 10 of oxysen, 10 of oxygen would have been 
left. Now as hydrogen is 16 tiroes lighter than an equal bulk of 
oxygen, it follows that 2 vols, of hydrogen must be 8 times lighter 
than 1 vol. of oxygen ; and thus we arrive at the same result as 
to weights as we obtain by burning hydrogen and weighing the 
water prodttced. 

Another, and a very beautiful method of ascertaining the com* 
position of water, by weight, is the following : 

Into the bulb blown in the middle of a wide tube of Bohemian 
glass, the weight of which is known, there is introduced a weighed 
portion of oxide of copper. One end of the tube is then connected 
with an apparatus, m>m which a steady current of dry hydro^n 
is disengaged ; and to the other end is attached a tube contaimng 
fragments of chloride of calcium, a substance possessing a strong 
attraction for water ; this tube wiUi its contents being also weighed. 




As soon as the whole of the atmospheric air of the apparatus has 
.been entirely displaced by the hyarogen gas, heat is applied, bv 
means of a spirit lamp, to the oxide of copper. Aided by the hiffh 
temperature, the hydrogen very soon begins to decompose £• 
oxide of copper, oombining with its oxygen to form water*; and 
before long the black color of the oxide is changed to the red of 
metallic copper. The water which is formed condenses in the oold 
part of the tube beyond the bulb ; but b^ heating that part of the 
tube the whole of Uie water is soon earned by the current of gas 
into the tube with chloride of calcium, where it is retained. The 
apparatus is now allowed to cool, and when the tubes have again 
bec(Hne full of atmospheric air, they are weighed. That with the 
jcopper will be found lighter than before ; the other, heavier. The 
loss of the former is oxygen ; the increase of the li^r is the water 
which that oxygen has yielded; and, of course, the difference 
between the two is the hydrogen of the water. 

Let us suppose the first tube, when empty, to have weighed 500 
grains^ and when filled widi the oxide of copper 640 grains, the 



•iMe'of cf^ptt miut weigh 40 gwaa. Tfce tube with qUoMb 

of calciam weighs, before ui« eKperiment, say 300 gn- Nuw, we 

«hould find, aSer the experiment, thnt the fint tube nnw c<n- 

Uiarag metftllio copper, would weigh £38 grs., and the other labe 

309 grs. ; the former baviog lo«t 8 gra. (oxygen), whHe the latter 

baa gained 9 grs, f water). Heaee the 9 gra. of water contain 8 

-of oxygen, and, ot course, 1 gr, of byd/ogea. Uoreover, ttua 

experiment tells us that 40 grs, of oxide of copper are compoaed 

-9f 32 of copper and 8 of caygen ; thus ]»rovuig the compositioa 

of water by synthesis, and that of oxide of copper by analysis. 

There is still another melbod of demonatmting the compoeilion 

"«■■■ of water — namely, tie deoompoaition of that 

duid by galvanio electricity. When the electric 

current of a powerful battery is made to paas 

throDgh water, m an apparatus so contrived that 

the gas given off at each pole may be received 

into a aeparate graduated tube, it ia fouDd that 

by the time the tube at the positive pole is half 

,^ fiill, the tube at the negative pole ia quite fiiU ; 

and on examination the gas in the lallcr is found 

to be pure hydrogen, while that in the former is 

pure oxygen ; and the proportion, by volume, 

ia obviously 2 of hydrogen to 1 of oxygen, and 

from this, by means of the specific gravities of 

the gases, we obtain, as before, the proportion, 

by weight, of 1 to 8. 

Water, which is thus proved to contain I eq. of bydrc^^ to 
1 eq. of oxygen, representod by H O, ts, at ordinary temperaiurea, 
a liquid, colorless, tasteless, and inodorous. It assumes the solid 
fonn, that of ie» or rwu, at 32° F., and all lower temperatnred ; 
wd it takes the fbnn of gas or vapor, that of attam, at !I£° P., 
Uid retains thnt form at all bigfaer temperatures. When ice i> 
heated above 33°. it melts into water ; aitd when steam ii cooled 
beloW 212°, it condenses into water. Thus water possesses the 
bquid form <xily at temperatures lying between 52° and 212°. 

Hence, in certun aredc redone, water is always, or neatly 
always, solid. Even in that state, however, and at all tempent- 
tnres below 212°, it is always slowly assuming (he gaseous ferm. 
It is in this way that watery vapor is constantly ruing into tb« 
vtmofiphere from the aui&ce of tbe sea, of lakes, of rivers, and 
of the soil ; which watery vapor, being again condensed into th« 
liquid form, falls back on the earth in the sbajw of rain or dew, 
or, if frozen, as snow, hail, and hoar-frost 

Water is perfectly neutral ; that is, it exbibtta in itself neither 
acid nor basic properties : but is capable of combining with both 
voids and bases, and, indeed, secois to be almost eaaentia) to thw 
Activity. The compoands of watec with aoda and baaea are called 



bjFdrales; lia HO, S03;li7drated sulphuric aeid» gad KO, HO, 

lijdrate of jKktask. 

Water cambines also with neutral aahs, and that in two condi* 
iiona. In one it » eeaily expelled by heat» and the salt, if crys* 
tallized, generally falls to powder when the water has beeA 
expelled. This is called water of crystallization, an& its quantity 
is often very large. In the other, a portion of water, generally 
.1 eq., is combined with the salt by so powerful an affinity that it 
is with some difficulty separated. This is called saline water, 
because it may be replaced by an equivalent of a neutral salt. In 
fonnula, water of cryatallization is represented by aq. (for aqua), 
and saline water by H O. Thus, green vitriol is represented by 
Fe 0, 8 O3 + H + ^ aq.; that is, 1 eq. of neutral sulphate of 
protoxide of iron, 1 eq. of saline water, and 6 eq. of water of 
erystallization. When this salt is gently heated, the 6 eq. of water 
of erystallizalion are expelled, but the 1 eq. of saline water cad 
only be expelled by a red heat. It can also be replaced by a 
neutral sulphate, such as sulphate of potash, KO, SOs, and the 
resulting double salt is Fe O, S Os + K O, 8 O3 + 6 aq. Here, 
as in the flnreen vitriol, the 6 eq. of water of crystallization are 
easily expelled by a gentle heat 

In relation to acids, therefore, water acts the part of a base ; in 
relation to bases, that of an acid ; and in relation to neutral salts, 
that of a neutral or indifferent substance, or, indeed, of a neutrid' 
salt. Taking the three examples of hydrated sulphuric acid, H O,- 
BO 3, hydrate of potash, KO, HO, and dry sulphate of iron, 
Fe 0, 8 O3 + H O, it is to be observed that tne water in the first 
ean only be replaced by a base, such as potash, E O, which would 
yield sulphate of potash, KO, SO3; the water in the second can 
<mly be replaced by an acid, such as sulphuric acid, SOs, which 
would yield the same salt, KO, SOs; and the water in the third 
may be replaced by a neutral salt, such as sulphate of potash, 
KO, 8 O3, which would give rise to the double salt, Fe O, 8O3 
+ K 0, 803. Water in these three different characters is called 
basic water, hydratic water, and saline water, and, in addition to 
tbese, we have water of crystallization. 

Besides these numerous form^ of combination, in which water 
iokoet frequently loses the liquid form, it enters, as a liquid, into 
a peculiar kind of combination with the greater number of all 
known substances : it dissolves them. Of all liquids, water is the 
most powerful and general solvent, and on this important property 
its use depends. By the solvent power of water, substances, inert 
in the sohd form, are made to assume the liquid form, and thus 
to become active— < chemical action is promoted — substances 
mixed together may be separated from one another; — in shorti 
without water, not only the operations of the chemist, but the 
processes of animal and vegetable life, would come to a stand. 

16 



S42 

The BfAreai power of water, in regard to solid bojfiet, h gen- 
erally increased by beat* Hot water, therefore, diasolTes mam 
of mo6t bodies than cold water does ; so that when a hot satorated 
sdution eools, it deposits a qnantity of the dissolved solid, oom* 
monly in crystals. 

Water reaAily dissdyes or combines with, or absorbs, as it 
is termed, many gaseous bodies. The gas, in this case, assomes 
the liquid form ; and as heat tends to cause bodies to assume 
the gaseous form, it is obrious that heat must diminish, and 
eold increase, the solvent power of water fior gases. Increased 
pressure also enables water to absorb more of a gas than it will 
do under the ordinary pressure, evidently because pressure favors 
the liquefaction of a gas, by forcing the particles nearer to each 
other. 

In consequence of the great solvent power of water, it is never 
found pure in nature. Even in rain water, which is the purest^ 
there are always traces of carbonic acid, ammonia, and sea-salt* 
When the rain water has filtered through rocks and soils, and re- 
appears as spring or river water, it is always more or less charged 
with salts derived from the earth, such as sea-salt, gypsum, and 
chalk. When the proportion of these is small, the water is called 
soft ; when larger, it is called hard water. The former dissi^ves 
soap better, and is therefore preferred for washing ; the latter is 
often pleasanter to drink, as its saline contents communicate to it 
a sliffht, but agreeable taste. 

When water becomes so highly char&;ed with foreign matters as 
to have an unpleasant taste, or to acquire medicinal virtues, it is 
called mineral water. Of mineral waters there are several kinds : 
those in which iron predominates are called chalybeate waters ; 
where sulphur prevails, they are called sulphurous waters ; acidu* 
lous waters are those which contain much free carbonic acid ; and 
saline waters are such as contain neutral salts, generally sea-salt^ 
and sulphate of magnesia, or Epsom salt. 

The only way to obtain perfectly pure water, is to distil it; 
and in the laboratory, no water except distilled water should 
ever be used, providea distilled water can be procured in sufficient 
quantity. 

Water is the standard of specific gravity for liquid and solid 
bodies, and its specific gravity is therefore represented by 1. 

* Acoording to Wiltstein, one part, by weight, of lime <liflsolTes in TSIMTSS 
partK of water, at ordinary temperatarea. and m 1810-1850 parts of boilinjg 
water. The deposit which settles down wnen lime-water is exposed to the air 
•onaistfl of Ca 0, C Oi. The MUkoflMnu and Gream of Im/u are mere mixtures 
of hydrate of lime and water of different degrees of thiekneas. — 8* 
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b. Dentoxide of Hydrogen. HOs ss 17-013. 

This compound is formed, in some cases, wbere oxygen is pre- 
sented in the nascent state to water. The best process is that of 
Pelouze, which consists in adding to diluted hydrofluoric acid 
(flttosilicic or phosphorTc acids may equally be used), kept very 
cold, exactly so much of the peroxide of barium, that neither 
barium nor the acid can be detected in the liquid, the whole of 
both being precipitated as fluoride of barium: BaOa+HFs= 
BaF + HOa. The deutoxide of hydrogen is dissolved by the 
surrounding water, and the filtered liquid is concentrated by being 
placed under the exhausted receiver, along with a vessel contain- 
ing sulphuric acid, the whole being kept cold. The process, even 
in this form, is tedious and difficult, but much less so than the 
original method of Th^nard, who discovered the compound. 

The deutoxide, peroxide, or superoxide of hydrogen, when as 
free from water as possible, is a syrupy liquid, colorless, and pos- 
sessed of a slight disagreeable odor, like that of bleaching liquor, 
and of a peculiar nauseous, bitter, and astringent taste. Its Sp. 
G. is 1*453 (water = 1). It does not become solid, even in a very 
intense cold. 

This compound is very easily decomposed, yielding water and 
oxygen. The contact of carbon, of many metals, and even of 
metallic oxides, also of many salts, causes the separation of oxygen, 
often with explosion, and sometimes with a flash of light. It is 
very remarkable that peroxide of manganese, for example, should 
cause this rapid decomposition, without combining with any part 
of the disengaged oxygen ; and still more astonishing, that oxide 
of silver should decompose it with explosion, while the oxide of 
silver, so far from combining with more oxygen, loses all that it 
previously contained, and is reduced to the metallic state. We 
cannot, at present, explain these phenomena. The application of 
heat to the deutoxide of hydrogen, causes oxygen to escape with 
effervescence. It is less easily decomposed when diluted, and 
especially if acidulated ; the presence of a base, on the contrary* 
hastens its decomposition. 

It is Tery probable that this remarkable compound will be found 
to possess valuable properties as a medicinal agent, and it is much 
to be desired that its preparation could be rendered easier. 

3. NiTROGEV.' Nss 14-19. 

Stn. Azois, — Discovered by Rutherford, in 1772. Occurs 
principally 'in the atmosphere, of which it forms 79 or 80 parts m 
100 by volume, and about 77 by weight ; also, in minute quan- 
tity, in the atmosphere as ammonia. It is an essential ingredient 
of all animal tissues, and of all such vegetable products as can be 
converted into blood in the animal body ; also of the vegetable 
bases and other vegetable compounds, such as indigo, d^o. «c« 



It ia beat obtMBfid ky tbe aotlon of bonui^ [duMpbonu on » 

ii» Ml confined portion of air, over water. The 

pbosphoms takes the oxygen, forming 

phosphoric acid, wbicb is soon remor^ 

by the water, and nitrogen gas ia left. 

Nitrogen is a colorless ana transparent 
gas, devoid of tasle and smell, and chiefly 
> disdngnished by the absence of actire 
properties. It does not support combus- 
tion, neither does it bnm itself. It is 
Incapable of eopporting animal life, and consequently an animal, 
immersed in jiure nitroeen, soon dies ; but only because oirgen i| 
absent, for nitrogen itself is so far from being poisonous, that the 
air we breathe contains } of its bulk of that oas in an nncombined 
■tale. It serves to dilute the oxygen, and for that purpose it is 
admirably adapted, from the ab^nce of marked cnaracl«rs or 
strong affinities. Its specific gravity is rather less than that of ur, 
being 0-976. 

Nitrogen cannot be made Co unite directly with any element, and 
only forms combinations when one or both elements are in the 
nascent state. It is, therefore, uoUke the other metallcnds, in a 
high degree chemically indifferent or neutral. But, under &*or- 
aUe circumstances, it does combine with most of tlie metallmds, 
and with several metals. Its most important compounds are those 
with oxygen and with hydrogen. Almost all compounds of nitro- 
gen are easily decomposed, and many of them are even dangerons, 
m>m their tendency to explode from very slight causes. 

It is this very character of easy decomposability that gives to 
the compounds of nitrogen their very high importance in the 
organlzea kingdoms of nature. We shall hereafter see how impoT< 
tant a part these compounds perform in the formation, as well as 
in the destruction, of organic bodies. 

irmooKx A«D oxranH. 
a. Atmospheric Air. 
The air of our atmosphere is formed of nitrogen and oxysen, 
lot in a state of combinadon, but simply mixed together. Daiton 
has shown that, when any two gases, nowever different in density, 
are placed in communication, they are very soon found to be com- 
pletely and equally mixed, even although tliey have no tendency 
to combine enemicoUy. This is the case with the gases in ur. 
The properties of each are present, only modified sUghtly by the 
presence of the other ; whereas chemical combination gives rise 
t« new oompounds, possessing entirely new properties. This is 
eminently the case in the compounds which are realty formed be- 
tween nitrogen sod oxygen, so that we ore forced to look Up(W 
tlw.air as a uixWre merely. 



It is reni«rkiibl6» h^^^ver, ihBl the propoiiaons of the gaftes at^ 
inch as correspond almost exactly, by iv^ight and by volume, te 
ft eq. nitrogen and 1 eq. oxygen. Of 100 rol, of air, 79 or 80 
are nitrogen, and SO or 21 oxygen. Here we have the ratio of 4 
vol. Ut 1. 100 parts of air, by weight, contain nearly 77 of nit- 
rogen and 29 of oxygen ; that is almost exactly 28 of nitrogen tb 
S of oxyffen, or Na O. 

The physical properties of air are well known. It is, like aA 
gases, elastic, and it possesses such a density, that 100 cubic 
inches weish about 31 grs. Hence, the whole atmosphere presses 
on the surface of the earth with a very great force, equal to aboai 
14 lbs. on each square inch of surface. In other words, a col- 
umn of air, 1 BQuare inch in base, and equal in height to this 
flitmosphere, weighs 14 lbs. But the further consideration of Xhii 
sabject belongs to physics. Air is made the standard of speeiti 
gravity for gases and vapors, and its Sp. G. is made 1'000» 

The chemical properties of air are chiefly those of ^e oxygen 
it contains, moditiea by the presence of 4 times its bulk of the 
negative body, nitrogen. Air supports eombustion, and the res- 
piratioti of animals, as long as the proportion of oxygen does noi 
udl below a certain amount. 

Besides nitrogen and oxygen, the air always contains more ct 
less watery vapor, which is almost equally important to animal 
and vegetable life^ since neither animals nor plants can Mve lon^ 
in a perfectly dry air. 

Air also contains, as ingredients essential to the life of plants, 
and thus indirectly also to that of animals, minute proportions of 
carbonic acid and of ammonia. The amount of the lormer sel« 
dom» in the open air, exceeds ^iVt P^'^ ^^ ^^ weight of the air ; 
while the proportion of ammonia is much smaller even than this. 

When it is required to ascertun the exact proportion of oxygen 
in any specimen of air, the object may be obtained in a vanety 
0i ways. The operation is called eudiometry, and the instruments 
emi^oyed eudiometers. The most commonly employed is that of 
Volta, modified by Ure, which is simply a graduated glass tube. 
Fig. 87. closed at one end, bent as in the figure, and fur* 

nished with two platinum wires, to allow the 
electric spark to pass. The air being introduced 
and measured, half its bulk of pure hydrogen 
gas, or thereabouts, is added, and the whole 
measured again. The gas being confined by 
water or mercury, and the open end of the tube 
stopped by the finger or thumb, the spark is 
passed through the mixture, when an explosion 
takes place, and a certain portion of the mixture 
disappears, the water or mercury rising in the 
tube to supply its plaoe. The residue is now 
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measured, and ^ of the voliime which lias disappeared is oiygen. 
It IS obvious that, if there be enough of hydrogen, the whole of 
the oxygen will assume the form of water, and both the oxygen 
and hydrogen of that water must lose the gaseous form. Now as 
water is formed of 2 toI. hydrogen to 1 vol. oxygen, | of the 
Tolume of the gases which have combined must be oxygen. 

If, for example, 100 measures of air are mixed with 50 of 
hydrogen, the bulk of the whole will be 160. If, now, after ex- 
plosion, 87 parts remain, it is plain that 63 have disappeared, 
and of these 63 measures 21, or ^, are oyxgen, originally eon- 
tamed in the 100 of air, while 42, or ^, are hydrogen. 

Gay-Lussac has lately proposed to remove the oxygen from a 
measured portion of air, by means of copper moistened by sul- 
phuric or nydrochlorio acid, which soon absorbs that gas com- 
pletely. The diminution of volume here is exactly equal to the 
proportion of oxygen present. 

There are many other eudiometrical methods, but the abore are 
the best. 

The amount of water in the atmosphere is ascertained bT 
hygrometers, of which there are various kinds. That of DameU 
IB the best. It is founded on the (act, that the temperature at 
which Uie water contained in the air is deposited as moisture, 
varies with the amount of moisture present. The drier the air, 
the more must it be cooled before it begins to deposit moisture. 
If the air be saturated with moisture, the cooling of it one degree 
wDl cause a deposition of dew, and the temperature at which dew 
b deposited, is called the dew-point. The details of this and 
other hygrometers belong to physics. 

The presence of water in tne atmosphere may be shown at any 
time by exposing a deliquescent substance, such as chloride of 
calcium, to the air, when it quickly becomes moist, and finally 
liquefies by attracting moisture. Air, or any other gas, may thus 
be dried, either in a tube over mercury, mto which the drying 
substance is introduced, or by passing the gas through a long tube 
filled with the substance in coarse powder, or through strong 
sulphuric acid, which has a powerful affinity for water. 

The uses of atmospheric air are obvious. Besides supporting 
animal and vegetable life, it is essential to all our modes of 
obtaining heat and light by combustion. 

It is very important to remark, that although the processes of 
respiration and combustion, as well as that of the decay and 
putrefaction of animal and vegetable matter, are constantly re- 
moving oxygen from the air, yet the proportion of that element 
never diminishes, being kept up by the process of vegetable life. 
In like manner, respiration and combustion are continually send- 
ing carbonic acid into the atmosphere in place of the oxygen they 
consume, and yet the air does not become more highly charged 
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with carbonic acid ; for the same process of vegetable life which 
restores oxygen to the air, removes an equal bulk of carbonic 
acid, — from which, indeed, the oxygen thus restored is derived. 

b. Protoxide of Nitrogen. NO = 22*203. 

Snr. NUrcus Oxide ; IntaxicoHnff or Laughifig Gas, — Prepared 
by applying a moderate heat to pure nitrate of ammonia in a re- 
tort. The salt melts, boils, and is soon entirely volatilized in the 
form of water, which trickles down the neck of the retort, and 
protoxide of nitroo^en, which being gaseous, may be collected 
over water. The allowing equation represents the change : 

(NHs + NOs) = 3HO + 2N0. 

Showing that 1 eq. of ammonia and 1 eq. of nitric acid yield 3 
eq. water, and 2 eq. protoxide of nitrogen. 

This compound is a gas, colorless and transparent. It has a &int 
smell and a sweetish taste. It is slowly absorbed by water, and 
therefore cannot be long kept over that liquid. Its specific gravity 
is 1'527. It may be liquefied by a pressure of 50 atmospheres.* 

By weight it contains 8 parts of oxygen to 14 of nitrogen, and 
by volume, 2 vol. of nitrogen and 1 vol. of oxygen, condensed 
into the bulk of 2 vol. Hence this gas contains its own bulk of 
nitogen, and half its bulk of oxygen, while air only contains 1 of 
its bulk of that gas. ConsequenUy, as some combustible bodies, 
such as phosphorus, or a candle, if burning, are capable of de- 
composing this gas and seizing its oxygen, they burn in it with 
great brilliancy. Probably for a similar reason, it is capable of 
supporting life for a short time, if respired, and its action on the 
human system is most remarkable. In most persons it causes 
very agreeable sensations, a sense of lightness, a rapid and bril- 
liant flow of ideas, accompanied with an irresistible tendency to 
laughter and to very violent muscular exertion. These efifects only 
last for a minute or two after the gas has been breathed as long as 
possible : but they are not followed, like those of other excitants, 
oy any sense of depression or languor ; on the contrarv, a certain 
feeling of exhilaration and unusual lightness of spirits is often 
felt for a whole day after. In some cases the effects are unpleas- 
ant, such as headache, a rush of blood to the head, and a tend- 
ency to stupor. The experiment must be therefore made with 
caution, and the gas withdrawn, should the face of the experi- 
menter appear flushed to any considerable extent. As he is often, 

* Liquid Protoxide of Nitrogen is a clear, colorless, very mobile liquid. If 
a drop of it touches the skin. It produces instant disorganization, resembling 
that of a burn. Metals dropped into it hiss lilce red hot iron. Mercury is 
Instantly frozen, as also are sulphuric and nitric acids. Ether and alcohol 
are not frozen, but water is instantly frozen, producing by the sudden evap- 
oration of the liquid, a kind of explosion. Ignited charcoal floats in it 
burning with great brillianoy. S. 
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howevet, unwilling to relinquish the hfl^ of gits, mi aperture ahoidd 
be made in the side of the breathii^pipe, and stopped with a 
cork, which may be removed if necessary, thus admitting air to 
the mouth, and putting an end to all danger. These very singular 
properties of this gas were first discovered by Davy ; and in a 
physiological point of view, they merit fiirther investigation than 
they have yet received. The gas has been tried in miedicine, bul 
hitherto without much benefit ; although in America it is said to 
have been found useful in cases of melancholia. 

Protoxide of nitrogen is neutral or indifferent, and has hardly 
any tendency to combine with other bodies. According to Pe- 
louze, however, it combines with the salts of sulphurous acid, or 
sulphites. 

c. Deutoxide of Nitrogen. NOt sz 80*216. 

Stn. yUric Oxide : NUrom Oas. — Best obtained by the action 
of copper clippings on moderately strong nitric acid, in the appa- 
ratus, p. 63. The metal is dissolved with effervesence, and the 
gas may be collected and preserved over water. 

A gas, transparent and colorless. Its taste and smell are not 
known, because as soon as it comes in contact with air, it fbrms^ 
with the oxygen, red vapors of nitrous acid, which have a suffoca- 
tbg smell and a rough acid, corrosive taste. It supports, like the 
preceding gas, the combustion of burning phosphorus, and for the 
same reason, namely, that it contains half its bulk of oxygen, 
being formed of equal volumes of nitrogen and oxygen, united 
without condensation. Its specific gravity is consequently the 
mean between those of oxygen and nitrogen, or 1-0416. A bum* 
ing candle is extinguished m this gas, and it not only does not 
support life, but cannot be breathed, as it forms nitrous add gas 
in tne mouth, and the glottis instinctively closes against the latter. 

Its most distinctive character is that of forming, when mixed 
with air or oxygen, a red gas or vapor, which is nitrous acid, and 
which instantly disappears if in contact with water, being absorbed 
bv that liquid. As the formula of the deutoxide is NOa, and that 
of nitrous acid NOi, it is plain that the latter may be formed 
from the former by the mere addition of oxygen. As the red 
vapors are very remarkable, the deutoxide may be used as a test 
of the presence of free oxygen in a gaseous mixture. 

If a few drops of bisulphide of carbon be added to a jar of 
this gas, and a light applied to the mixture, it bums rapidly with 
a bright blue flash of light. 

The deutoxide of nitrogen is abundantly absorbed by any solu- 
tion containing a salt of protoxide of iron, such as green vitriol^ 
forming a brown solution, from which the gas may be expelled 
unchanged by boiling. This solution absorbs oxygen, and has 
been used in eudiometry, but it does not give accurate results. 
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d. HyponitroiM Add. N Os » 98*SM. 

Syn. Acidi Nttrenx ; Sedpetrige SaUre. — It is formed when a 
fttrong base, such as potash, is brought into contact with the pre- 
ceding g^a, protoxide of nitrogen being given off, while the acid 
tinites with the base. Thus : 

K0 + aN0t=:K0,N09 + N0. 

It is best obtained, however, by heating one part of starch in 8 
parts of nitric acid, Sp. G. 1*25, and condncting the diseng^ed 
gases, first through a long tube filled with chloride of calcium, to 
remove water, and then through a dry tube cooled down to — 4? 
P. in which latter the acid condenses, as a very volatile liquid 
which, while cold, is colorless, but at the ordinary temperature 
Jbecomes green. Its properties are little known. 

In contact with water it is destroyed, giving rise to nitric acid 
and deutoxide of nitrogen, thus : 

3NO9 = NO5 + 3N0i. 

The salts of this acid are obtained by heating a nitrate, — for 
example, nitrate of potash or soda, — till it be^ns to precipitate 
nitrate of silver brown. The whole is then precipitated by nitrate 
of silver, the precipitate dissolved in boiling water, and tlie hypo*, 
nitrite of silver crystalliaes on cooling. From this salt, by the action 
of soluble chlorides, the other Lyponitrites may be obtained* 
They have been little studied. 

e. Nitrons Acid. N O4 s 46'9tf . ' 

SrN. Acide I^ponUrigtte, Uhiersalpetersaure. — This is the acid 
which appears as red vapors when deutoxide of nitrogen mixes 
with air, or with oxygen. 1 vol. deutoxide of nitrogen, and ^ voL 
of oxygen, if mixed quite dr}% and cooled, form the liquid nitroua 
acid ; but it is most easily obtained by distilling dry nitrate of 
lead. Equation, 

(Pb O, N Of) sPb 0+ O + N O4. 

In this experiment oxide of lead is left, and oxygen gas and 
nitrous acid pass over, the latter condensing in the well-cooled 
receiver. If intensely cold, it is colorless; but as it becomes 
wanner, it assumes a yellow or orange color. Its Sp. G. in the 
liquid form is 1 .42. It boils at about 82^, and is converted into a 
deep red vapor, or gas, which, if further heated, becomes nearly 
black, or impervious tp light If once mixed with air or any other 
gas, it can only with very great difficulty be condensed, so that it 
is commonly seen in the form of vapor. It has an unpleasant 
suffocating smell, and cannot be breathed with impunity even for 
a moment. It supports the combustion of almost all combustible 
bodies, bv virtue of its large proportioii of oxygen^ 
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In contact wilh water, it u destrored, gmng ive, like the pre- 
ceding acid, to nitric acid, and deutozide of nitrogen. Thns, 3 
N O4 = 2 N Os + N Os. As it undergoes the same change in 
contact with all bases hitherto tried, its salts are unknown. Along 
with pore nitric acid, it forms the orange-fuming nitiic acid of the 
shops, often called nitrons acid. 

f. Nitric Acid. N 0« = 64-356. 
Formula of the hydrated add, H O, N 0«, or H, N Ot = 63*368. 

This, the most important of all the compounds of nitrogen and 
oxygen, occurs very frequently in nature, chiefly combined with 
potash or soda, forming nitre and cubic nitre ; also in minute pro- 
portion in rain water after thunder-storms. It is formed in natural 
or artificial nitre beds, where animal or yegetable matter containing 
nitrogen is exposed to the air along widi bases. The nitrogen 
being disengaged as ammonia, N Us is oxidized along with the 
hydrogen, yielding nitric acid and water ; thus NH3 + 0t=N 
0§ -|- 3 H 0. The acid is seized by the base present, and nitre is 
formed. The nitric acid occasionally found in rain water is also 
produced by the oxidation of ammonia ; its quantity is too small to 
arise from the oxidation of the nitrogen of the air. The dry acid, 
N 0< is unknown in the separate form ;* if we attempt to separate 
it from water or a base, it is resolved into nitrous acid and oxygen ; 
thus, N0*=N04-|-0. 

The hydrated acid, H O, N 0«, or H, N Os, \s the substance 
commonly called nitric acid. It is best prepared by the distillation 
of a mixture of equal weights of hydrated sulphuric acid, or oil of 
vitriol, and of nitre or saltpetre, the nitrate otpotash. The salt in 
coarse powder being introduced into a plain retort, the acid is 
poured m by means of a retort funnel. The retort is then placed 
m a sand-bath over the lamp, and cautiously heated, till the acid 
begins to drop into the receiver, which is to be surrounded with 
cold water. As the nitre generally contains a little sea-salt, the 
first portions of acid which distil are impure, containing chlorine, 
and nitrous acid ; but they serve to wash quite clean the neck of 
the retort; on which some sulphuric acid is commonly to be found, 
m spite of all our care, as well as traces of the powdered nit^. 



• Since the above was writteo, M, DemUe has sacceeded ia prmlaciDg what 
be deems this acid. Perfectly dry chlorine, is passed over dry nitrate of silver. 
If the nitrate is heated to 203^ p. and then reduced to 14(P— 15(P,the decom- 
position proceeds regularly. Hyponitrous acid is at first formed, but as tlie 
temperature is reduced, the anhydrous nitric acid is deposited in crystals in tbo 
cold parts of the apparatus, which is cooled with ice. Anhydrous nitric acid 
forms large, brilliant, colorless crystals in six-sided prisms of the trimatric 
system. May melt at 85^, and boil at 113^. Much heat is evolved when 
tney are brought in contact with water, and solution ensues without escape 
of gas. This solution forms nitrates. & 
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It k best, therefore, to collect the first portion, say -^ of the whole, 
in a separate receiver, and when the liquid that drops is found to 

be f^e from chlorine (hj the 
lift sa. ^^^ ^^ nitrate of silver), the 

receiver is changed, and the rest 
of the nitric acid is thus obtained 
quite pure, or at most, slightly 
tinged by nitrous acid. By this 
simple device, we avoid the ne- 
cessity of redistilling the acid, 
as commonly directed. The im- 
pure portion which first passes 
over, IS extremely well adapted 
for all experiments of illustration, 
and ought to be carefully preserved for such purposes. 

The following equation explains the change in this process : 

(KO, N05)+2 (HO, SOs) = (KO, HO, 2 SOO + HO, N0«. 

For 1 eq. of nitre, we take 2 eq. of oil of vitriol, and we obtain 
1 eq. of hydrated bisulphate of potash, and 1 eq. of hydrated 
nitric acid. We take equal weights of the materials, because 1 eq. 
of nitre weighs 102, while 2 eq. of oil of vitriol weigh 98 ; and 
a slight excess of the latter is advantageous rather than otherwise. 
By using 1 eq. of oil of vitriol, we may also obtain nitric acid ; 
but a much higher temperature is required, and a large part of the 
acid is decomposed into oxygen, which escapes, and nitrous acid, 
which combines with the nitric acid, giving it a deep red color, and 
causing it to give out red fumes. Moreover, in the latter case, 
neutral sulphate of potash is left, which can hardly be. got out of 
the retort without breaking it ; while the bisulphate of potash, 
formed in the operation first described, may be easily dissolved out 
by hot water. 

Hydrated nitric acid, when pure, is a colorless liquid, giving out 
dense gray fumes, on exposure to the air. Its Sp. G. is 1*52 to 
1*53. It freezes at 40^, and boils at 108^. If diluted somewhat 
with water, so as to have the Sp. G. 1*42, it boils at 248^^ ; but if 
still weaker, it boils more easily, and become stronger, till the 
boiling point reaches 248^, when it distils over unchanged. Nitric 
acid has a pungent, rather disagreeable smell, is verj acid and 
corrosive, and stains the skin, and organic matter m general, 
yellow. 

It has a strong attraction for water, and becomes hot when 
mixed with it. (Acid of middling strength, mixed with snow, 
causes it to liquefy instantly, producing intense cold.) 

Nitric acid is very easily decomposed. If passed through a 
red-hot porcelain tube, it is resolved into oxygen and nitrogen. 
All combustible or oxidizable bodies deprive it of oxygen, redu- 
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ting it to BitroiiB acid, liypooitroM acid, or deutoxide of nitrogen ; 
and even, in some cases, removing all the oxygen, and leaving 
only nitrogen gas. The action is generally attended with heat ; 
and in Fome cases» anch as phosphorus and essential oils, combus- 
tion takes place, and even dangerous consequences may ensue 
fitMn the acid, or the burning body ; which is scattered about by 
the violent eommotion. Nitric acid is, therefore, a very powerfiu 
oxidiang asent, and is much used for oxidizing and dissolving 
metals, such as silver, copper, mercury, Sec* It is remarkable 
that the very strongest acid does not attack metals ; but, oh the 
addition of a few itops of water, a most violent action ensues. 

The presence of nitric acid in a liquid is best ascertained by 
adding pure oil of vitriol, and then a drop or two of solution of 
green vitriol. If nitric acid be present, a red or brown color will 
appear where the two liquids meet ; and by this test yrVvT ^ 
mtric acid may be detected. 

Pure nitric acid ought to be entirely volatile ; and when diluted 
with distilled water, to give no precipitate with the salts of baryta, 
or of silver. 

Nitric acid is used in medicine, and in the arts ; in the latter, as 
aquafortis. To the chemist, it is one of the most valuable agents, 
and is daily employed as a means of oxidizing metals and organic 
^mbstances. The tendency of this acid to yield oxygen to combus- 
tible bodies is found also in its salts, especially at a red-heat ; and 
hence, nitrate of potash, or saltpetre, is an essential ingredient of 
gunpowder, and of the various mixtures used for rockets and 
fire-works ; in all of which it is mixed with charcoal and sulphur 

With bases, nitric acid forms salts called nitrates. Most of 
these are neutral, with the general formula MO, NO 5 ; but there 
are a few basic nitrates, in which one or more atoms of the base 
are added to the neutral salts. All the nitrates are decomposed 
by sulphuric acid, and they may be recognized by deflagrating 
with red-hot charcoal, and by the test above given for nitric acid, 
which distinguishes them from other deflagrating salts, such as 
chlorates, dec. 

mraooKN ano HrnBoasN, 
a. Amide. NH»= 16*19. 

Stv. Amido^0n»---'Thin compound is unknown in a separate 
state, but is believed, with good reason, to exist in many com- 
pounds. If potassium, for example, be heated in dry ammoniacal 
gas, NH3, ^ of the hydrogen is expelled, and an olive-colored 
solid remains, the composition of which is K, NHt. It is viewed 
as a compound of potassium with amide, the amidide or amiduret 
of potassium. When put into water, potash and ammonia are 
formed, thus: K, NHa + HO = KO + NH3. Compounds of 
iinide with sodium, with carbonic oxide (ozamide), witn benzoyle 



(benaamide), and otter sabstooces, aare knawn. Their general 
obaracter is, in eontect with water, and wider the influence of 
acids and bases^ to be resolred into ammonia and an oxidised 
froduct oommonij an acid. Thna ozamidet Ca Oa, NHs, along 
with water, H0» in the presenee of an add or alcali, yields am- 
monia, NHs, and oxalic acid, Gt O3. It is this very powerful 
affinity for hydr^en which has hitherto defeated all our efforts to 
isolate amide. The Tarious compounds of amide will be described 
in their proper order. 

h. Ammonia. NHs = 17*19. 

SiK. Volatile tdcttli-^ Occurs in eombmadon with hydrochloric 
acid, as sal ammoniac ; in the urine of animals, especially of birds 
and reptiles, as urate of ammonia ; in several aluminous and ier- 
mginous rocks and earths in small quantity ; finally, in the air, as 
a constant result of the putrefihction, decay, or combustion of 
oiganic matters containing nitrogen. 

it is formed abundantly in putrid urine (from urea), and in the 
destructire distillation of organic nitpogenised matter, as, in 
Egypt, by heatinff camel's dung; in Europe, formerly, by distil- 
liog horn, hence the name spirit of hartshorn ; at present, by distil- 
ling any animal reftise ,* or in the distillation of coal in gas-works, 
wmch yield abundance of ammonia. In all these oases it is 
found as carbonate* 

To obtain ammonia, powdered sal ammoniac is mixed with 
about an equal weight of dry hydrate of lime (slacked lime), and 
^^^- the mixture heated in a retort, or a flask fitted with a bent 
tube. The ammoniacal gas is abundantly disengaged, 
and may be collected over mercury, or, as it is much 
lighter than air, by displacement, the tube being made to 
reach, as in the cut, to the closed end of the gas-receiver, 
the open end being downward. A large tube or vessel 
may be easily filled with the gas in this way, and pre- 
served by immersing the open end, when filled, in a 
small cup of mercury. The following equation represents 
the change in its production. (N H3, H 01) + (Ca 0, H 
0) = CaCl + 2H0 + NH3. 

Ammonia is a gas, transparent and colorless, of a very pungent 
and peculiar smell and taste. It is liquefied by a pressure of 
about lave atmospheres. It is instantly absorbed by water, form- 
mg the soludon of the gas called aqua or liquor ammonise. It 
extinguishes a eandle, does not bum itself under ordinary circum- 
stances, and if respired undiluted, is fatal to animiil life. Its Sp. 
G. is 0*5902, being thus little more than one-half as heavy as air. 
It possesses strongly alcaline or basic properties, neutralizing the 
strongest acids. Tne approach of any gaseous or volatile acid, 
auch as carbonic, hjdrocUorio, or nitric aoida, to the mouth of a 




ju of aminooift, eaiues tbe fbrmatioa of deme irhite doiuls of 
carbonUe, hjdrocblonie, at nitnte of ammonia. Bf this prop- 
er^ and bj its siaell, it is easily detected aod recogniied. 

Ammonia in formed by the nnicn of 3 vol. hydro^n and 1 to]. 
niUogeo, which yield not 4 toI. but 2 tcJ. ammoniacal gas. Hers 
coBdeuation to one-half has taken place. 

AQUA AMMONIA OR Lnjuoa aiuioiil£. 
This most nselii] re-agent is best prepared by causing the gas 
disengaged fitxn the aboTe mixture of sal ammoniac and slacked 
lime by heat, a little water baring been prerioasly added to 
moisten tLe povder, to pass through cold water in an apparatus, 
famished with a safety-tabe, to prevent nadae ahsoiption, the gas 
bein^ washed by means of a very little water placed in an inter- 
mediate bottle. The water, if kept cold, will absorb about 670 
times its bulk of the gas, by which it is increased in balk, acquire* 
a Sp. Q. of only 0-878, and becomes possessed of all the chemical 
properties of the gas in a very high degree. This is the aqua 
ammonie fortis^roa of the manufacturers, and for medical use it 
requires to be dilated tilt it has the %. 0. of 0-96. At U-872, it 
becranes 325 per cent of dry gas ; at 0-96, hardly 10 per cent 
Hence, by addmg 8 vol. of water to 3 vol. of the strongest ara- 
monia, we reduce it to the ordinurjr medical strength, which is abo 
Bofficiently strong for the luaal chemical purposes. 



This solution is constantly employed by the chemist for nentral- 
iaing acids, and precipitating insoluble bases. It has the very 
rreat advantage of not introducing any fixed matter, so that 
the re-agent may be totally expelled by a red-heat. In medidne 
it is much employed, internally, as a difinrable stimulant, and 
extcnully as a powerful rubeuoient, and also along with oU as ft 
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oounier-initant If it can be procared in time, it is the besi 
antidote to prussic acid. 

With acids, ammonia forms salts, which are recognized hj their 
yielding the pungent smell of ammonia when mixed with caustic 
potash or slacked time. They are either volatile in the fire, as 
carbonate, sulphate, &c, ; or they are decomposed, the ammonia 
being driven off and the acid remaining behind as phosphate of 
ammonia. For the constitution of the salts of ammonia, see 
below. 

c. Ammonium. N Ha ^18*19. 

This compound, like amide, is not known in the separate state ; 
but we have reason to believe that it exists, and has the chemical 
relations of a metal : hence its name. 

When a salt of ammonia is decomposed by galvanic electricity, 
the negative pole terminating in a drop of mercury, the mercury 
swells to many times its original bulk, becomes almost solid, but 
retains its metallic aspect The same compound is formed when 
an amalgam of mercury with potassium or sodium is placed in 
aqua ammonise, or in contact with a moistened ammoniacal salt. 
It is crystalline, and has been regarded as an amalgam of mercury 
and ammonium. When removed from the pole, and placed in 
water, it gives off ammonia and hydrogen, and the mercury re- 
sumes its original bulk. The remarkable circumstance is, that the 
amalgam contains so small a weight of ammonium ^or of ammo- 
nia + hvdrogen), although its properties are so aifferent from 
those of the mercury. But, if we suppose an amalgam to be 
formed of 10 eq. of mercury and 1 eq. ammonium, uiis would 
contain less than 2 per cent of the latter. There is, therefore, 
nothing unreasonable or very improbable, in the idea of a com- 
pound metal ammonium, N H4. Indeed, if we assume its exist- 
ence, we are enabled to take a view of the constitution of the 
salts of ammonia, which makes them analagous to those of the 
other alcalies. 

It was formerly the universal opinion that ammonia, NHs, 
combined directly with oxygen acids, such as sulphuric acid, 
SO 3, as well as with hydrogen acids, such as hydrochloric acid, 
HCL 

According to our present knowledge, the hydrochlorate of am- 
moniadoes really contain the elements N Hs + H CI, although we 
may suppose them otherwise arranged : but it has been shown that 
sulphuric acid, SOs, although it can be made to unite with am- 
monia, does not produce sulpnate of ammonia ; but that the form- 
ation of this latter salt requires, besides the elements of ammonia 
and sulphuric acid, those of 1 eq. of water, HO; and that the 
salts of ammonia, with the oxygen acids in general, contain, as an 
essential ingredient, this 1 eq. 01 water. It is not easy to see why 



amnuiiia tkoidd €mid aeiilral salte wttlnrnt the aid of water, wkem 
acted on by hydrogen acids, and should requiie va&er when earn' 
bbtng with oxygen acids. Bat if we admit that anmoniom exists, 
and is the tme basic radical in all these salts, the whole brcoiacs 
clear. In that ease, NH3 + HO, ammonia 4*1 eq. of water, 
becomes N H4 , O, or oxide of ammoniom ; sulphate of ««win«^i^ 
+ water (NHs, HO-|-SOs) becomes dry sulphate of oxide of 
ammonium, NHt O, SO3 ; and hydrochlorate of ammonia, 
NHs, HCl, becomes chloride of ammonium, NH4, CI. It haa 
been observed, that the oxygen acid salts of ammonia H~ water 
are isomorphous with the dry salts of potash. Now, on the old 
view, we can trace no analogy between N Hs, H O, SOs, and KG, 
8O3; but, if we admit the existence of the metal ammonianit 
and, still more, if we represent it by the symbol Am, the analogj 
becomes obvioua. Thus we have the two series : 
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Metal . . . K ... Am NU4 

Oxide . . . KO . . . AmO . • . NH«,0 
Chloride . . KCl . . . AmCl . . . NH4,CI 
Sulphate . . K0,S09 Am O, SOs . NH4,0-f SOs. 

The only difference between the two series is, that we know Am 
to be a compound, while K is, as yet, undeeomposed. But, aa 
formerly remarked, all our present elements may iierealter pro?o 
to be compounds ; and even were this not so, we can easily ooft- 
ceive a compound metal playing the same part aa a simple one. 

We have to bear in mind that ammonium, if it exists, is resdved 
into ammonia N Hj and hydrogen, whenever we attempt to isolate 
it : that ammonia, in oombming with a hydrated oxygen acid, such 
aa HO, 8O3, takes the hydrogen of the water, forming ammo- 
nium NH4, which, with the oxygen of the water, produces oxido 
of ammonium, and that the oxide then unites wiih the acid : and, 
finally, that ammonia, in contact with a hydrogen acid, such aa 
i H CI, takes the hydm^n of the acid to form ammonium, which 

! then unites with the acid radical chlorine. Indeed, this very sim* 

pie view may be extended to the hydrated oxygen acids, if we 
view them as hydrogen acids. Hydrated sulphuric acid, HO, 
8 O 3 , may be viewed as a hydrogen acid, H, S O4 : and if ammonia 
act on this, we have either N H3 + H 0, S O3 = N H4 . O, S Os, 
or NH3 + H, SO4 =NH4, SO4; the latter being perfectly 
I analogous to tbe formation of chloride of ammonium (sal anuno* 

, Diac), NH3 + HC1=»:NH«,C1. 

' Tne above is a sketch of the ammonium theory of Beraelius, 

I which is beautifully consistent, if we once admit the existence of 

' ammonium : rendered, as it is, so probable by the phenomena of 

the amalgam, and by the isomorphism of the compounds of potash 
and those of ammonia + 1 eq. water. This theory is pretty 
generally adopted by chemists. 




95T 

4. CHLCtttSB. Cl3sa6-47. 
Tbi$ element occurs m ])rodigious quantity in the well known 
Bttbatance, «6a or rock salt, in which it is combined with sodium. 
It is also occasionally found in combination with lead, silver, and 
mercury. Chloride of potassium is a frequent mgredient of ashes, 
especially of the ashes of sea-plants. 

It is best prepared by the action of peroxide of manganese on 
hydrochloric acid. 1 part of finely-powdered peroxide is covered 
in a roomy flask with 6 parts of moderately strong hydrochloric 
acid (4 parts of concentrated acid and 2 of water) ; to the flask is 

fitted tightly a tube bent twice 
at right angles, the longer limb 
of which is conducted to the hot- 
tom of a dry, wide-mouthed bot- 
tle, furnished with a tight glass 
stopper. The chlorine, on the 
application of a gentle warmth, 
escapes in the form of gas, and 
being much heavier than air, is 
very easily collected in dry ves- 
sels by displacement. As soon 
as the bottle is filled, which is 
easily seen from the yellow color 
of the gas, it is withdrawn and replaced by another. If the gas 
is to be kept, the stopper must be tightly fitted into the bottie, 
and the juncture well greased. 

The following equation shows the change : Mn 6s -|- 2 H d 
ass Mn CI + 2 HO + CI. Here one-half of the chlorine is given 
ofif as gas, while the other remains behind as chloride of manganese. 
Chlorine, at the usual temperature, is a gas which is liquefied 
by a pressure of about four atmospheres. It is transparent and 
of a strong yellowish-green color : hence its name. Its Sp. G. is 
2*500. Its smell is very disameable, pungent and sufifocating ; 
when much diluted, it recalls uie smell of the air on the sea-shore. 
If respired pure, it causes instant death ; and even when dilated 
with air, excites cough, pain, and a sense of stricture on the chesty 
often lasting for many hours, and only relieved by a very copious 
expectoration of thick mucus, but occasionally followed by spitting 
of blood. The irritation thus caused may often give rise to per- 
manent and serious disease of the lungs, and, therefore, care 
should be taken not to breathe the gas in working with it. It is 
not a littie remarkable, however, that, if veir much diluted, 
although still apt to excite cough, it is found to alleviate the symp- 
toms of phthisis when inhaled, probably by promoting expectora- 
tion. The patients themselves soon learn to bear it stronger, and 
to long for the hour of inhaling it It is also stated that the 
workers in manufactories of bleaching powder, and in bleaching 

17 



868 

and dye-works, wbere die air is always to some extent cbaiged 
with chlorine, are less liable to phthisb than others ; so that, up to 
a certain point, the system seems capable of becoming habituated 
to it with benefit 

Chlorine supports the combustion of many substances, such as 
a candle ; many take fire spontaneously in it, as phosphorus, anti- 
mony, <nl of turpentine, ^c. It may be made to bum itself in an 
atmosphere of hydrogen fi;BS, or coal gas. 

Chlorine gas dissolves m water : hence it cannot be presenred 
over that liquid. The solution is termed chlorine water. It haa 
the smell of the gas, and bleaches vegetable colors most power- 
fully, which pemctly dry chlorine does not. It also destroys 
fostid or noxious effluvia, and is very useful in checking the spread 
of contagious disease. 

The affinities of chlorine for the metals are very powerftil, fre- 
quently stronger than those of oxygen. It therefore decomposes 
many oxides, as well as bromides, iodides, sulphides, ^c, at (Mdi- 
nary temperatures, and almost all the rest at a red-heat. It acts 
so strongly on mercury that it cannot be collected over that metal. 
But its strongest afi&nity is to hydrogen, with which it forms hydro- 
chloric acid. It is to this powerful affinity that the bleaching 
properties of chlorine are to be ascribed ; it seizes on part of the 
hyorogen of the coloring matter, and thus decomposes it entirely. 
The same remark applies to the destruction of effluvia and 
miasmata. 

The presence of free chlorine is detected by its spaeU and its 
power of bleachinc^ solution of indigo. Nitrate of silver also causes 
with it a curdy white precipitate of chloride of silver, insoluble in 
acids. (See Hydrochloric Acid.) 

The compounds of chlorine, which are not acids, are called 
chlorides. 

SOLUnOH OF OBLORIMB. 

This solution is prepared by simply passing a slow current of 
chlorine gas through water (previously boiled and allowed to 
cool), placed in inverted retorts neariy full. As soon as water 
begins to escape at the neck of one retort, the tube is transferred 
to another, and so on alternately till the water refuses to absorb 
any more. The solution, which has the color, smell, and 
bleaching properties of the gas, must be kept in small bottles, 
quite filled, and closely fitted with glass stoppers. A drachm or 
more of this, added to about four or six ounces of water at 100°, 
forms a mixture through which air may be drawn into the lunffs 
when we wish diluted chlorine to be inhaled. The solution is 
decomposed by lip^ht, and ou^ht, therefore, to be kept in the dark. 

Chlorine combmes both with oxygen and hydrogen ; but as the 
compound of chlorine with hydrc^n is the most important, we 
shall here deviate sli^dy from the natural order, and treat of it first 
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CHLOBINB AND H7DBOOEH. 

Hydrochloric Acid. H CI = 36*47. 

Snr. Muriatic Add — Is formed when e<}ual volumes of chlorine 
and hydrogen are mixed and exposed to light, flame» or the elec^ 
trio spark, all of which cause the gases to combine with explosion. 
Is best prepared by the action of sulphuric acid on sea-salt, when 
the gas is disengaged even without tne action of heat. Ajs water 
instantly absorbs it, it must be collected over mercury, or by dis- 
placement, as it is somewhat heavier than air. 

The following equation shows the formation of the acid : Na G 
+ (H0, S03T=HCl + (NaO, SOa); or, NaCl + H, SO4 
= HCI + Na, SO4. 

Hydrochloric acid is a gas, transparent and colorless, fuming 
strongly with moist air, of a pungent, acid, suffocating smell, ana 
a strong soar taste. Its Sp. 6. is the mean between those of 
chlorine and hydrogen, or 1*284, it being formed of equal volumes 
of these gases without condensation. It is absorbed m large pro- 
portion by water, forming the common or liquid hydrochloric acid, 
which is merely a solution of the gas in water. This solution red- 
dens, but does not bleach, vegetable blue colors ; and neutralizes 
' the alcalies, yielding neutral salts, which are found to be chlorides. 

When it acts on soda, Na 0, for example, we obtain neutral 
crystals b^ evaporation ; but these are found to be sea-salt, Na CI, 
and contam neither oxygen nor hydrogen, so that these latter ele- 
ments must have united to form water ; thus : Na + H CI = Na 
CI -{- H 0. The result is, in regard to neutrality, the same as if the 
acid and alcali had directly combined together and neutratiaed 
each other : for the chloride of sodium (Na CI) and water are both 
neutral. The general formula for the action of this and similar 
hydrogen acids on metallic oxides, is as follows : H B -f M ss 
M R -l~ H 0. Here R stands for chlorine, or anv other, acid radical 
and M for any metal. If the oxide be a sesquoxide, the formula 
will be 3 H R -F Ma O3 = Mj R3,-f 3 H 0. Here, 3 eq. hydro- 
gen acid and 1 eq. sesquioxide yield 1 eq. sesquicbloride (bromide, 
iodide, dso.) and 3 eq. water ; but the principle is the same. In 
some cases, however, hydrochloric acid appears to combine with 
oxides ; as with alumina or oxide of chromium. 

It will be easily seen, from what has just been said, that Uie 
action of hydrochloric acid on oxides affords a ready and conve- 
nient means of obtaining the corresponding chlorides. This method 
is very often employed. 

HrOROCHLORlO AGIO AHD WATBR. 

Liquid, oe Aqueous Htdboceloric Acid. 

Str. Liquid Muriatic Acid: Spirit 0/ Salt. — This most indis 
pensable re-agcnt is best prepared fay the following easy procesSj 



whicb moreover yield* it per&otly pun ; 6 parts, by veigbt, of 
pure salt are introduced iDto a flask or matrass, and covered with 
10 parts, bv weigbt, of oil of vitriol, and 4 parts of water, the lat- 
ter (laviag been previooslj mixed, and the mixtnre allowed to cod; 
or we may take 8'fiparts, by meaaure, of sulphuric arid, 6^. G. 1-65. 
No setioB taltes place in the cold, so that we may adapt seenrelya 
bent tube to convey the gas (o tbe flask. This tube u twice beat 
at right angles, and has a bulb blown on the longer descending 
Hmb. In a bottJe, surrounded with ice-cold water, is placed a 
quantity of distilled water equal in weight to the salt, and tbe beiU 
tabo is made to dip about | mob mto this water. A gentle heat i> 



BOW apf^ed to the flask, which reet« in a sand^t, and o 
M long SI any hydrochloric acid comes over. In about two hosn 
Ae proeees is finished, and we find tbe distilled water increased in 
Tohime nearly two-thirds, and coaverted into bydroohlorie acid, 
qnite pure and colorless, of 8p. Q. r 14 to 1*15. If we wish it as 
strong as possible, or of 9p. S. 1'21, we have only to employ, in 
a second operation, a part of the acid above described in tbe plaee 
of the distilled water, during the flnt half of tbe operalitm, when 
it will speedily become saturated. No safety-tube is required : it 
is Anly necessary to lower the bottle a littie occasionally, so that 
the tube shall never dip far into the liquid ; and even enanld ab- 
sorption take place too rapidly, and tbe water rise in the tube, the 
bnlb will receive it, the end of the tnbe will be exposed, and air 
entering will prevent the regui^tation of the water into the flask. 
This nmple tube, therefore, forms a self-acting valve, and renders 
a safety-tube unnecessary. The absorbing liquid most be kept as 
cold as possible, by frequently changing the surrounding water, 
which becomes warm owin^ to the beat developed in tbe absoip- 
non. If ioe can be hod, a little added to the cooling- vessel, from 
time to time, ke^ the temperstnre suffictantly knr. 
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In the itbove <q)0ralu>xi»ilie |VopoiiM)Bst>f acid and salt are 
according to the formula, 

Na CI + a (H O, S Oa) = (Na O, H 0, 2 S O3) + H CI. 

Here, ft eq. of acid are employed for one of salt ; for two rea- 
sons. First, a much lower lieat is required ; and secondlr, the 
resulting salt, bisulphate of soda, is quite easily got out, without 
risking the fhisk, which is not the case when 1 eq. of acid is used, 
and neutral sulphate is left. The add is diluted to 8f. Q, 1-65, or 
eren 1*60, for the same reasons. The addition of the water facili- 
tates the operation, and renders the resulting mass more soluble 
and manageable. It is to be observed that, notwithstanding this 
addition of water, f of the hydrochloric acid gas comes oflF quite 
dry, and it is only toward the end of the operation that, the heat 
being increased, water and acid come off together. This is easily 
known by Uie tube becoming hot from the condensation of the 
sleam. From first to last, not a trace of sulphuric acid passes 
orer, eren into the tube ; and thus by using tolerably pure 
materials, we obtain colorless and pure hydrochloric aci<( as 
easily and cheaply as if we were making the very impure acid of 
commerce. By the above process, the purest and strongest hydro- 
chloric acid might be sold for not more than Sd, per lb., probably 
for less« 

Pure aqueotLs hydrochloric add has, when concentrated, a 8p. 
Q. of 1*21, and fumes stronffly when exposed to the air, the gas 
constantly escaping and unituo^ with the vapor which it meets. 
The acid even fumes when no aenser than 1*13, and acid of from 
l']4tol*16is most convenient for common use, as there is not so 
much gas lost from it as from the strongest. It ought to be quite 
colorless : if yellow, it contains perehlonde-of iron or free chlorine^ 
probably both« The liquid is very acid and corrosive. When a 
vod dq^d in aqua ammonia is brouriit near, very thidc white 
fiunes of sal ammoniac are formed. If heated^ gas is e]q)e]led, 
the boiling point, which is at first very low, jsrradually rising, till 
the Sp. G. falls to MOO, when the boiling point is rather higher , 
than that of water ; and at this strengUi the acid distils over ' 
unchanged. A weaker acid, if boiled, loses water, and becomes 
stronger ; while a stronger, as we have seen, loses gas, and be- 
comes weaker. We can, therefore, purify the common acid by 
diluting it to Sp. G, MOO, and distiinng it, rejecting the. first and 
last portions. The intermediate portion is pure, but cannot in this 
way be obtained concentrated* 

The presence of hydrochloric acid is detected by nitrate of silver, 
which forms, even in yery diluted solutions, a white curdy predpi* 
tate of chloride of silver, insoluble in acids. It is to be borne in 
mind, however, that the presence of free chlorine and soluble 
chlorides give rise to the san^e oompoimd : we must, therefoiei 
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Mcertaia their abieiioe, and the preaeace <tf an add, before we ean 
rely on this test 

The muriatic acid of commeroe is rerv impure. It contains fixed 
imparities, detected by eraporaUon to dryness ; sulphuric acid, de- 
tected by adding to the liquid, first distilled water, and then a salt 
of barium ; chlcmde of iron, detected by ferrocyanide of potassium ; 
free chlorine, recognized by its power of dissolring gold ; and sul« 
phurons acid, easify known by its smell. It often auo contains tin 
and arsenic, which may be diseorered by the proper tests of those 
metals. Ajb no re-agent is so much employed by the chemist^ 
and none so necessary to hare perfectly pure, the chemist ought 
never, in careful experiments, to use the common acid : and it is 
on this account that I have so minutely described the method 
which I have given for obtaining it pure, and which is now gener^ 
ally adopted in. the Continental laboratories. 

Hydrochloric acid is much used in chemical investigations, 
chiefly fin: dissolving inorganic bases, with most of which it forma 
aoluble chlorides : the exceptions are oxide of silver and protoxide 
of mercury, the chlorides corresponding to which are insoluble ; 
and protoxide of lead, which yields a sparingly soluble chloride. 
In all inoiganic researches, and above all, in the analysis of min- 
erals, soils, Ac, it is absolutely indispensable. 

Hydrochloric acid may be viewed as the type of aU acids» 
including the so-called hydrated oxygen acids. We shall have 
occasion to return to this subject when treating of the acids of 
sulphur, and also in the general remariu on salts. 

HITRO-llUBIATIOy OR BTrBO-HTDBO0HI.OBI0 ACID. 

Sth. Agtta i2^^.— This, which was formeriy viewed as n 
distinct acid, and celebrated for its power of dissolving gold, is in 
reality a mixture. It is made by adding nitric acid to twice or 
thrice its bulk of strong hydrochloric acid. Both acids are 
decomposed, according to the equation : 

HC1 + N05=H0 + C1 + N04. 

Here the products are water, chlorine, and nitrous acid. It is 
also possible that the change may be as follows : 

aHCl+NOf =2H0 + CU + N0«, 

where the products are water, chlorine, and hyponitrous add. 
While neither nitric, nor hydrochloric acid, if pure, can dissolve 
gold or platinum separately, this mixture does so readily. It is 
certain, tnat free chlorine can dissolve those metals, and that their 
solution in aqua regia yields chlorides on evaporation ; but there 
is reason also to believe, that the nitrous, or hyponitrous acids, 
contribute powerfully to the Sblvent power of the aqua regia, pos- 
sibly by yielding oxygen to the metals, as these adds are more 
eadly decomposed than nitric add. 
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OBLOBinS AHD OZTOIK. 

The affinity of chlorine for oxygen is very feeble, and these 
elements cannot be made to combine directly. By indirect means, 
however, they may be made to unite, and four compounds are 
known, all of which are acids. 

a. Hypochlorous Acid. CI 0=s 43*483. 

Stn. Acide HypoMorewc, UntercJdorige Swire, — When chlor- 
ine gas is. passed through a cold diluted solution of an alcali, 
compounds are formed, which are known as bleaching compounds, 
and nave been considered to consist of chlorine and metallic ox- 
ides, such as the so-called chlorides of lime and soda. They are 
however, in reality mixtures of chloride of the metal with hypo* 
chlorite of the oxide. Thus 2 eq. soda and 2 eq. chlorine, instead 
of combining together, act on each other as follows : — 

aNaO+CU=:NaCl+NaO,C10. 

The true bleaching compound of soda contains, therefore, 1 eq. 
of chloride of sodium + 1 eq* hypochlorite of soda. 

To obtain hypochlorous acid m the free state, red oxide of 
mercury and water are agitated with chlorine; when there 
are formed a compound of perchloride and peroxide of mercury^ 
which is insoluble, and hypochlorous acid, which dissolves in the 
water. 

aHgOt+Chz=:(HgO«+HgCio+acio. 

By rectification, a stronger solution may be obtained ; and if 
this be placed in a retort with an excess of dry nitrate of lime, 
this salt seizes on the water, and the hypochlorous acid gas sepa* 
rates, and may be collected over a saturated solution of nitrate of 
lime. 

It is a gas of a strong yellow color, and a peculiar penetratinff 
smell. It is very easily decomposed into two vol. chlorine, ana 
1 vol. oxygen, exploding by the mere contact of many combusti- 
ble substances, or by a gentle heat. Experiments with it require 
the greatest caution. 

water absorbs about 100 times its volume of this gas, and 
acquires a pale yellow color, and the astringent, not acid, taste 
and peculiar smell of the gas. It bleaches powerfully, and is 
easily decomposed by all std^stances which have a strong affini^ 
for chlorine or for oxygen. 

With the stronger bases it unites, forming salts which are called 
hypochlorites, the c;eneral formula of which is M O, CI 0. With 
acids, these salts yield hypochlorous acid, not chlorine ; and they 
are thus distincruished from the true bleaching salts, which, when 
acted on by acids, yield pure chlorine. The bleacbiog salts have 
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the general fonnnla M Gl + M 0, C9 O ; tliat ib, as already stated, 
they are mixtures or compounds of chlorides and hypochlorites. 
The action of sulphuric acid on them is as follows : 

(M Cl+MO, CI 0)+a SOs =r3 (MO, SOs) + Clt. 

Here all the chlorine, both that of the chloride, and that of the 
hypochlorite, is given off in the free state. Hence, as chlorine is 
the real bleaching agent, the great bleaching power of the chlor- 
ides of lime and soda, as they are called. The action of dilute 
sulphuric acid on bleaching powder (chloride of lime or Ca CI 4~ 
Ca 0, CI 0), furnishes a very easy and economical method of dis- 
engaging rapidly a large quantity of chlorine gas, as in fumigating 
a large room or kouse ; no heat is required ; we hare only from 
time to time to add a table spoonful of bleaching powder to a 
basin of diluted acid. 

When boiled, the hypochlorites as well as the bleaching com- 
pounds, which consist oi hypochlorite -f- chloride, are resolred 
mto chlorides and chlorates. Thus 3 eq. hypochlorite of potash 
3 (KO, CI 0,) yield 1 eq. chlorate of potash, KO, CI 0«, and 2 
eq. chloride of potassium, 2 K CI. Of course, if, as in the bleach- 
ing compound of potash, the 3 eq. of hypochlorite were mixed 
with 3 eq. of chlonde, the result would be 1 eq. of chlorate, and 
6 eq. of chloride. 

b. Chlorous Acid. CI Oa = 67-522. 

Stn. Peroxide of Chlorine. Chlorige SaUre. Acide Hypoddof' 
ique. — This acid is obtained by mixing oil of vitriol very gradu- 
ally and cautiously with chlorate of potash, and applying to the 
yellow pasty mass thus formed, in a retort placed in a bath of 
proof spirit, a very gentle heat. Chloroos acid is given off as 
a deep yellow gas, which is even more easily decomposed, and 
more explosive than the preceding acid. Hence, very great cau- 
tion, ana the use of a glass mask, are necessary in experimenting 
with it. It may be collected over mercury. Its smell is peculiar, 
almost aromatic. It is absorbed by water, which acquires its 
odor and its bleaching properties. 

The followmg equation explains its formation : 

3 (KO, CI 05)+(2 S05) = KO, CI 0*7+2 (KO, SOO+2 CI Oi. 

That is, 3 eq. chlorate of potash, and 2 eq. sulphuric acid, yield 
1 eq. perchlorate of potash, 2 eq. sulphate of potash, and 2 eq. 
chlorous acid. 

The compounds of chlorous acids with bases are not much 
known. In contact with alcalies, chlorous acid appears to be re- 
solved into chloric and hypochlorous adds. Thus, 4 CI O4 sa 3 
ClOa+ClO. 



c. Chkxrie Aetd. CJ Of a= 75*685. 

Bw. Eyperoxymuriatic Add, — This acid is formed, as we have 
Been, in combination with a base, under different circumstances ; 
as, when the solution of a hypochlorite is boiled ; when chlorine 
is passed through a hot and strong solution of an alcali ; and 
when chlorous acid is brought in contact with bases. It is evi- 
dent that in the second case a hypochlorite is formed, but is hj 
the heat as rapidly destroyed, yielding a chlorite (see chlorate of 
potash) ; and if we suppose 6 eq. of potash to be acted on by 6 
eq. chlorine, we may suppose the first stage to be represented as 
follows : 

6 K O + CU =s 3 K CI + 3 (K O, Ci O). 

And in the second stage, the 3 K 01 remaining imchanged, wo 
have, 

3 (K O, CI O) = 2 K CIt + (K O, CI Os), 

Or, omitting the first stage, as temporary only in the heat, we 
nave 

6KO+Clf = 6KCl + (KO,C105). 

To obtain chloric acid, chlorate of baryta is dissolved in water, 
and sulphurio acid is added, so as exactly to precipitate all the 
baryta as sulphate. The clear sohition is concentrated by spon- 
taneous evaporation. 

When very strong, it forms a yellowish oily-looking liquid, very 
sour to the taste. A piece of paper dipped in it, soon takes 
fire, from the ease with which the add yields its oxygen. It 
18 resolved by distillation into hyperohloric acid, oxygen, and 
ohlorine* 

2 CI 05 = 0107 + 01 + Of. 

The salts of this acid, which are called chlorates, are quite 
permanent, but readily explode with combustil^e matter at a red-* 
heat ; or, in sooEie cases, by friction and percussion alone, or by 
oontaot of oil of vitriol. Thus phosphorus and charcoal explode 
most violently in contact with chlorate pf potash — the latter by 
friction, the former by percussion : and a kind of instantaneous 
light, formerly much used, consisted of a nodxture of chlorate of 
potash, sugar, and a little gum, to make it adhere, placed on the 
end of a match, and dipped into oil of vitriol, when it took fire. 
The lucifers now used are also made with the same salt, and take 
fire by friction. (See chlorate of potash.) 

d. Perchloric Acid. CI 07= 91-661. 

Stn. HypereUwk Add, -^ This acid mav be obtained either by 
the distillation of chloric acid (see above), or by the distillation 
of hyperchlorate of potash wiui an equal weight of oil of vitiicd^ 
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preTioiul J mixed widi half as nrach water. It is purified firan 
sulphuric acid by means of baiyta, from chlorine bj oxide of 
silver ; and is then concentrated hj slow CTaporation. 

It resembles the preceding acid, and when yery concentrated, 
has a Sp. G. of 1-65. It reddens litmus without bleaching it, 
boils at 412^, and maybe dbtilled without change. It is very 
permanent, and has strong afllnities. Its best known salt is the 
perch lorate of potash, which is so sparingly soluble, that the acid 
may be used as a test for potash, in all liquids not too diluted. 
As the perchlorate of soda is very soluble, the use of this acid 
enables us to distinguish, and to separate soda from potash. 

The perchlorate of potash is easily formed by melting chlorate 
of potash, and heating it till the mass becomes thick and pasty, 
which takes place when \ of the oxygen is expelled. The residue 
18 a mixture of chloride of potassium and perchlorate of |)ota8h« 
and the latter is easily purified by dissolving the whole in hot 
water, and allowing it to crystallize on cooling. The action of 
neat on chlorate of potash is thus expressed : 

2 (KO, CI Of = K CI + (KO, CI 0») + 04 . 

It must here be observed, that our knowledge of the compounds 
of chlorine and oxygen is far from beinff complete or satisfactory, 
and that Gay-Lussac and Millon, since the discovery by Balard of 
hypochlorous acid, have devoted attention to the subject. Millcm, 
indeed, has published an elaborate memoir, in which he describes, 
under the name of chlorous acid, a compound CI Os, while he gives 
to the chlorous acid above described the name of hypocnioric 
acid. The compound discovered by Davy, by acting on chlorate 
of potash with hydrochloric acid, and by him called euchloxine, by 
others protoxide of chlorine, and supposed by some to be a mix- 
ture of chlorine and chlorous acid (ClOi), by others to be ideA- 
tical with chlorous acid, is, according to Millon, composed of Cls 
Oit«2C10s + G107. He calls it chlorochloric acid, and views 
it as composed of chlorous acid (CI Os) and perchloric acid. In 
like manner, Millon has described another acid, obtained by the 
action of light on his chlorous acid in contact with cold water, and 
which he calls chloroperchloric acid. It is composed of Cls Oit 
as CI Os + 2 CI O7, and difiers from the last in the proportion dP 
chlorous and perchloric acids it contuns. 

Almost all of these compounds have properties so similar, that 
they are with difficulty distinguished from each other. Thus there 
are not less than five compounds, according to Millon, namely, CIO, 
ClOs, CIO4, Cls, Ois, and Cls Oit, wluch are volatile liquids, 
yielding deep yellow highly explosive vapors. He distinguishes 
CI and CI Os from the others, as forming permanent salts with 
bases; the other three yield, with bases, a mixture of chlorate 
with chlorite (the acid in the latter bdng Millon's chlorous acid. 
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C90s), and the proportion of these salts is different in each 
ease. 

We have not space to enter more minntely into this very diffi- 
ottlt but interesting subject. The researches of Millon are hardly 
completed, and require confirmation. In the meantime, the fol- 
lowing table contains the compounds admitted by him, with his 
view of their true constitution : 



Hypochlorous acid 
Chlorous acid . . 
Hypocbloric acid 
Chloric acid . . 
Chlorochloric acid 
Chloropercbloric acid 
Perchloric acid . . 



CI O 

CI Oi 

CI Oa = CUOif=3C109+C10f 

CI Os = CltOi«=s ClOs+ClOt 

Cls On s==d CI Os + CI Of 

Cls OlT=r CI Os +aciOT 



CI o» 

It will easily be seen that Millon admits, as independent com- 
pounds, only CI 0, 01 Os, and CiOt; and that he considers all the 
others as compounds of CI Os with CI Ot, in various proportions. 
This readily explains the formation of perchlorate of potash from 
chlorate : K>r, on this view, chlorate of potash is E 0, CI Ot + 
KO, 01 Os; and when heated, it is the latter (the chlorite) alone 
which is at first decomposed into chloride of potassium and oxygen. 
On this view, also, we see why all the three compoimds, 01 O*, 
Cls On, and Cls Oit, have properties so similar, and why they 
all yield, with potash, mixtures of chlorate and chlorite. For the 
details of the preparation and properties of these compounds, I 
must refer to the memoir of Millon, which is in the AnnaUi de 
Ohimie el de Fkyeique, 1843, also in Liebig's Atmalen, xlvi., 281. 

GBLOBIMX AHD lUTBOGBN. 

Perchloride of Nitrogen. N CU » 166*07. 

Stn. Quadriehloride of Niirogen. — This compound is obtained 
by allowing chlorine gas to come in contact witn a solution of sal 
anunoniac at 90^ or 100^. The gas is slowly absorbed, and an 
oily liquid appears in large drops on the surface of the liquid. By 
agitating the vessel, these UXX down, being heavier than the solu- 
tion, and should be received in a thick cup of lead, kept very clean. 

The chloride of nitrogen is a yellowish oily liquid, distinguished 
lor its tendency to explode by the mere contact of combustible 
matter, such as fat, oil, essential oOs, phosphorus, ifec. dpc. The 
explosion is so violent, that even one drop of the liquid infallibly 
shatters to pieces any basin or bottie in which it explodes ; and as 
it explodes often without any obvious cause, possibly from the con* 
tact of some minute portion of greasy matter, it is most dangerous 
to experiment on. A strong mask should be worn, and all the 
vessels employed should be scrupulously clean if it is necessary to 
make such experiments ; it is better, however, not to attempt them. 
Both Dulong, the discoverer, and Davy, suffered very severely from 
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Oieir resfardws on it. Each lost an eye» ani the famer lost sev- 
eral fingers also. For the sake of illustration, a drop or two may 
be exploded in the lead cup aboTe mentioned, hj sim|^y toaehing 
them with a rod di{^)ed in oil. The results of the ezploaon an 
chlorine and nitrogen gases. It is generally admitted that the 
formula of the compound is CU N, and its formation may be thus 
explained— NH3,HC1+ 01? «4Ha + NCl«. 

5. Beohiss. Br as 78*39. 

This element is found in minute proportion in sea-water, in some- 
what larger quantity in the water of the Dead Sea, in the l»tteni 
or mother liquor of sea-water, out of which the sea-salt has been 
crystallised, and in the mother liquid of many salt springs, from 
which, in like manner, the sea-salt has been separatel. The 
mother liquor of the salt springs at Kreuznach is particularly rich 
in bromine. In all these cases, the bromine occurs as bromide ot 
potassium, sodium, or magnesium. 

To obtain it, the liquor, concentrated as much as possible, is 
exposed to a current of chlorine gas, which is continued as l<»g 
as the liquor becomes darker in color from the bromine which is 
set free. The orange liquid thus obtained is to be agitated with 
ether, which rises to the surface, carrying with it all the bromine 
dissolved, which gives to the ether a hyacinth-red color. The 
solution of bromine in ether is then acted on by a sli^t excess of 
potash, which produces a mixture of bromate of potash and bro- 
mide of potassium : 6 K + 6 Br » 5K Br -f (K 0, Br Oi ). The 
whole is dried up and ignited, when all the oxygen of the bromate 
is expelled, and only K Br is left. This bromide is mixed with 
rather more than half its weight of peroxide of manganese, and 
then distilled alonor with its own weight of oil of vitriol (previously 
mixed with half its weight of water); the red vapors oif bromine 
are given off and condensed in a tube or receiver very well cooled. 
By rectification with a little chloride of calcium, the bromide is 
obtained dry and pure. The following is the action of the sul- 
phuric acid on the bromide of potassium and peroxide of manga- 
nese :— K Br -f Mn Of -f 2 S 0» « K 0, S O.+Mn 0, S 0,-f&. 

Bromine is, at ordinary temperatures, a deep brownish-red 
liquid, boiling at 1 13° ; its Sp. 6. is 2*99. Its vapor resembles 
that of nitrous acid, but has a very peculiar disagreeable pungent 
smell. It is poisonous, and acts so strongly on the living mem- 
brane of the nose, that the mere smelling to a bottle of bromine 
is often followed by a painful sensation in we nostril, attended with 
a copious flow of tears, lasting for hours, or even for days. 

In all its relations, bromine is closely analogous to chlorine. It 

supports the combustion of phosphorus, and of many metals, like 

. chlorine, and it bleaches organic colors. With hydrogen it forms 

bydrobromio acid, exactly analogous to hydrochloric acid ; with 



Bftomcr MID. M9 

oxTgak H hrmB as yet oily one aoid, Br 0«» oudogoas to chloiie 
acid. The analogy is equally striking when we oompare tbe 
metalHo bromides with the correspondiog chlorides. Having so 
minutely described the relations of chlorine, this analogy will 
enable us to describe those of bromine rery briefly. The i&nities 
of bromine are less powerful than those of chlorine, so that the 
Tatter element disengages bromine from its compounds. 

BBOminB AND HTDBOOSN. 

Hydrobromio Acid. HBr=:79*S9. 

To obtain this acid, phosphorus, bromine, and a little water are 
placed in contact, and tne gas which is disengaged is collected over 
mercury. The change is the following : 

Pf4.Brj + 3HO = PtO« + 3HBr. 

Here, along with hydrobromie acid, phosphorous acid is pro- 
duced. 

Hydrobromic aeid is a gas, transparent and celorlesst fuming 
strongly when mixed with the air. Its Sp. G. is 2*73. It is, in 
smell, taste, absorbability by water, and indeed all its properties, 
hardly distinguishable from hydrochloric acid; but cnlorine 
decomposes it, setting free bromine. The strongest 8(dution of the 
acid is a fnminp^ liquid of Sp. G. 1*29. 

With metalhc oxides it lorms water and bromides, exactly as 
was explained under hydrochloric acid. 

MO + HBr = HO + MBr. 

The bromides of lead, mercury, and silver, like the correspond- 
ing clik>rides9 are insoluble : the other bromides are soluble* 

BROMINB AUD OXTGEN. 

Bromic Acid. Br O5 = 1 18*445. 

It has been already mentioned that bromic aeid is formed in 
oombinatioii with potash, when bromine is acted on by that alcalL 
The bromate of potash is quite analogous to the chlorate; and 
bromic acid may be obtained in the same way as chloric aoid, by 
the aotion of fluosiKcic acid on the bromate of potash, or of sul 
phuric acid on bromate of baryta. Its properties are quite analo- 
gous to those of chloric aeid. 

There is some reason to thmk that bromine forms bleaching 
compounds, which, like those of chlorine^ contain peculiar acids, 
bromous or hypolHt>mou8 acids ; and it is also probable that there 
exists a perbromie acid, anal<^pus to perchloric acid. Our knowl- 
edge of these compounds, however, is very limited. 

no compound of bromine and nitrogen is yet known. With 
chlorine, bromine forms a reddtsh-yellow, volatile, pungent liquid, 
wfaiflfa is said to be Br €1j, a perohlonde of bromine. When this 
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subetanoe is acted on by potash, it yieUi chloride of potMshuii 
and bromate of potash. 

BrCl5+6KO=r6KCI + (KO,BrOO. 
6. lomn. ls= 126-67. 

Iodine occurs in marine vegetables, and is found rather more 
abundantly in their ashes, as iodide of potassium, sodium, or magne- 
sium. It 18, of course, present in sea-water, but in so small a pro- 
pordon as not to be easily detected. Iodide of silver has been found 
m Mexico, and some of the Silesian (wes of sine contain iodine. 

It is best obtained from kelp, the ashes of yarious species of 
incus, or other algae. The kelp is lixiviated with water, and the 
solution evaporated as long as it deposits crystals. The mother 
liquor is precipitated by a mixture of 1 part of sulphate of copper 
and 24 parts of sulphate of iron, and the precipitate, which is 
sub-iodide of copper, Cua I, if heated with peroxide of manganese 
alone, or with the addition of sulphuric acid, yields the iodine as a 
purple vapor, which condenses in black crystalline scales on the 
cold part of the apparatus. It is purified by a second sublimation. 

At ordinary temperatures iodme is sokd, of a grayish-black 
color, and metallic lustre, like plumbago. It is often seen in acute 
rhomboidal plates; it is very brittle, and its Sp. G. is 4-948. It 
melts at 220^, and is converted, when dry, into purple vapor at 
347^. Along with the vapor of water it volatilizes much more 
easily. It has a peculiar marine smell, and a rough acrid tasta, 
and IS poisonous. 

Iodine is sparingly soluble in water, which takes up not more 
than Y^TT of Its weight (t lb. of water dissolves 1 grain of iodine). 
The solution has a pretty strong brownish-yellow color, and the 
smell of iodine. Alcnohol and ether dissolve iodine abundantly, 
forming deep-brown solutions. Free iodine, whether in the form 
of vapor or of solution, gives to starch a deep-blue color, which 
afforos a very delicate test for iodine, as well as for starch. 

Iodine, like chlorine and bromine, enters into combination with 
phosphorus, metals, &c., when placed in contact with them, and 
mquently with the phenomena of combustion. 

In liquids c<mtaining a minute trace of iodine in combination, 
it is best detected by adding fresh starch rubbed up with water, 
and then a very little chlorine, which may easily be done bf 
simply inclining over the vessel the mouth of a phial containing 
some solution of chlorine, but not allowing the liquid to drop. 
There is always some chlorine gas in the upper part of the phifu, 
which by ite weight descends to the surface of the liquid to be 
tested, and the whole bemg agitated together, a blue tint, more or 
less deep, appears if iodine be present Or oil of vitriol may be 
added to the liquid supposed to oontam iodine, in a phial, and a 
slip of paper moistened with starch paste inserted between the 
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code and the neek of the phia), so as to be suvpended over the liquid. 
After a time, if iodine be present, the starch is tinged blue. In 
both tests the iodine is set &ee, for combined iodine has no action 
on stanch. In the chlorine test, the superior affinity of chlorine 
seizes on the metal with which the iodine is united. Thus : K I + 
Cl=sKCl+L 

In power of affinity iodine stands below bromine, as bromine 
does below chlorine. - With metals it forms iodides extremely 
analogous to the chlorides and bromides. The iodides of lead, 
mercury, silver, and a few others are insoluble or sparingly solu* 
ble ; most of the others are soluble. Some iodides possess beau- 
tiful colors, as those of lead and mercury. With hydrogen and 
oxygen iodine forms compounds, which, as for as they are known^ 
correspond to those of chlorine and bromine with the same elements. 

lodme itself and many metallic iodides, especially iodide of po- 
assium, are much used in medicine as remedies in scrofula, and as 
discutients for glandular tumors in general. They are used both 
internally and externally in the shape of baths and ointments. 
Iodide of sulphur is also used medicinally. The long known 
efficacy of burnt sponge was shown by Coindet to depend on its 
containing, as the ashes of sea-plants or zoophytes generally do, a 
small proportion of iodine. The presence of iodine has also been 
detected in certain mineral springs, both in South America and in 
Europe, which had acquired celebrity as capable of curing goitre, 
a disease for which iodine seems to be a specific remedy, at least 
in all but the most advanced stages. On the whole, the discovery 
of iodine, which was made almost accidently by Courtois, a soap- 
boiler, in Paris, in 1811, has proved a very valuable addition to the 
Materia Medica. 

IODINE AND HTDBOOSN. 

Hydriodic Acid. H I => 127*67. 

This acid, which is exactly similar in properties to hydrochloric 

and hydrobromic acids, is best obtained, in the form of gas, by 

Jig, 4^ gently heating a mixture of one part 

of phosphorus and 16 of iodine, strati- 
fied witn moistened sand or powdered 
flass, in a small tube. The gas may 
e collected over mercury, or absorbed 
by water, if the liquid acid is required. 
As iodme and phosphorus act very 
violently on each otlier, and indeed 
take fire in the open air, they ought to 
be brought in contact in the retort, and 
it is even preferable to fill it first with 
carbonic acid. Millon has lately pro- 
posed another method, namely, to 
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iodide of potaasmm, to mSd to this as mach iodine as ii will dinolTe, 
and a moderate ijiiaatity of phosphorus in small pieces, and tliea 
to apply a gentle heat. In Ihis way the action is more easily 
regnJated* 

Hydriodic acid gas is transparent, colorless, add to the fasten 
and suffocating to the smeU. It has a Sp. Q. oC 4*385, Iwnes 
strongly in the air, and is absorbed by water to as great an extent 
as hydrochloric add gas, from which it is not to be easily die* 
tingnished, exeq^t by the action of chlorine or bromine, which, 
seizing the hydrogen, disei^^age the pnrple vapors of iodine. 

The aqneoos sointion is piepated by passing a current of the gas 
through water, by passing a current of sulphuretted hydrogen 
through water in which iomne is suspended, or by adding diluted 
sulphuric acid to a sc^ution of iodide of burium« The two latter 
methods are thus expressed : 

M + HSsHI + S. 3.BaI+HO,SOs = HI + BaO,SOs. 

When Tery concentrated, this sdution acquires a Sp. G. of 1-700. 
It does not keep well, however, being decomposed by the ojr^ea 
of the air, with separation of iodine, HI4-0 = H04~I- with 
solution of bichloride of platinum, hydriodic acid strikes a deep 
brownish-red color ; with nitrate of bismuth a dark brown, nearly 
black. Hydriodic acid can dissolve a large quantity of free iodine, 
which gives it a deep brown color ; hence the gradual decomposi- 
tion of the acid by the air is shown by its becoming continually 
darker, from dissolviog the iodine separated. 

With metallic oxides, this acid forms water and iodides. Thus, 
with solution of silver, it forms a yellowish-white predpitate of 
iodide of silver ; with solution of lead, a fine yellow precipitate of 
iodide of lead ; and with solution of peroxide or bichloride of mer- 
cury, a beautiful scariet pecipitate c^ biniodide of mercury. 
With chlorine and starch, it of course gives the blue iodide of 
starch. 

lODXNS AND OXTGKN. 

a. Iodic Acid. 1 0« » 166*675. 

Analogous to chloric and bromic adds. To obtain it, iodine is 
bdled in a long-nedced flask with the strongest nitric acid, when 
it is gradually oxidised, and the excess of nitric acid is expelled 
by a moderate heat. Or 9 parts of iodate of baryta are boiled 
with a mixture of 2 parts of oil of vitriol and 10 or 12 of water. 
The filtered liquid by evaporation yields iodic acid as a white 
crystalline solid. 

It is very soluble in water and very acid to the taste. It is 
easil V resolved into iodine and oxygen by a red-heat ; and it also 
yields oxygen to many organic subiSances, and is used as a test for 
BPM>rphia or its salts, which it colors dark brown. 
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The salts of iodic acid, like the cUorates and bromates, defla- 
grate with combustible bodies at a red-heat, but not so powerful!? 
as chlorate of potash. Iodic acid forms two series of salts, with 
1 and 2 eq. of base respectively. 

Iodic acid is decomposed, iodine being separated, by hydro- 
chloric and hydrobromic acids, also by sulphuretted hydro^n and 
sulphurous acid. It may, therefore, be recognized by usms; any 
of these re-agents, followed by starch, to detect the free iodine. 

b. Periodic Acid. I Ot = 182-661. 

Analogous to perchloric acid. Formed when iodate of soda is 
heated with bleaching liquor (chloride of soda), or when chlorine 
is passed through a hot solution of 7 parts of dry carbonate of 
soda in 100 of water, in which 1 part of iodine is suspended, as 
long as a white crystalline salt is deposited. This is periodate of 
soda. It is dissolved in dilute nitric acid, and nitrate of lead 
added, which forms a precipitate of periodate of lead. This last 
salt is boiled with diluted sulphuric acid, avoiding excess, and the 
filtered solution or evaporation, yields crystals of periodic acid in 
transparent plates. 

When heated, this acid is dissolved into oxygen and iodic 
acid. It forms with bases two series of salts, with 1 and 2 eq. of 
base. 

It is at present doubtful if there exist compounds of iodine with 
less oxygen than iodic acid. Salts have been obtained, having a 
composition represented by M 0, 1 0: but the supposed hypo-iodous 
acid, I 0, has not been isolated, and these salts are very easily 
resolved into a mixture of iodates and iodides, of which they may 
possibly be, in reality, composed ; for6(MO, lO^ssdMI-f- 
IODINE AND NITROGKN. 

When iodine is placed in contact with aqua ammonise, there is 
formed a black powder, the composition of which is either N I, or 
NI4 . It exploaes with very great violence, often spontaneously, 
on becoming dry by exposure to the air ; and at all times by very 
slight causes, a slight blow, or friction. It is, therefore, a very 
dangerous substance. 

lODINX AND CHLORINB. 

Iodine readily combines with chlorine, forming apparently two 
compounds, I C\ and I CI 3, which, however, are not well known. 
Both of them are volatile liquids, of a brown color and exceedingly 
pungent odor, strongly affecting the eyes. When acted on bv 
alcalies, they yield iodate of the base and chloride of the metu, 
while iodine is set free. Water, also, decomposes them. 

18 
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Iodine q>peais, also, to fonn two eompomids with bromine, of 
which one is solid, the other liqaid. With alcalies they yield a 
mixture of iodate of the oxide and bromide of the metal, with firee 
iodine. 

7. Fluobihb. F= 18-74. 

This element occurs m the mineral kingdom combined widi 
calcium, as fluor ^ar ; also in small proportions as an element of 
mica and of topaz. Fluoride of calcium is also in minute quantity 
an ingredient of animal bones, especially of the enamel of the 
teeth, and of the urine of some animals. It b very renutfkaUe^ 
that fossil bones contain much more fluoride of calcium than recent 
bones ; in some cases even 10 per cent Even human bones of 
the historical period, as bones from the tombs of Egypt^ or &om 
Pompeii, appear to contain more fluoride of calcium thim those of 
the present day. 

Fluorine has not yet been isolated, owing no doiM to its very 
powerful afllnities, which cause it, even if separated from one sub-^ 
stance, instantly to unite with another, derived from the substance 
of the vessel used f(»r the experiment. Its properties in the sepa- 
rate state, are therefore unknown. Knox and Baudrimont have 
of late made repeated efforts to isolate fluorine, using vessels of 
fluor spar, ikc., but as yet without satisfactory results ; although 
it is conjectured, from some of these experiments, to be a yellow 
gas, not unlike chlorine. It is probable, however, that the 
presence of chlorine has been the cause of Uiis apparent resem- 
blance. 

The affinities of fluorine for metals and for electro-positive ele- 
ments in general, are very powerful indeed ; probably surpassing 
those of oxygen. On the ouier hand, it has not been obtained in 
combination with any of the more negative elements, such as oxy- 
gen, chlorine, bromine, and iodine. These considerations render 
It probable that it is a highly negative body ; and the character 
of its compounds with hydrogen and metals indicates a stro&)( 
analogy between fluorine and chlorine, bromine and iodine. 

FLUORINX AND HTDBOGEN. 

Hydrofluoric Acid. H F = 19*74. 

Sm . Fluoric Acid. — This acid is obtained by the action of 
oil of vitriol on fluoride of calcium ^fluor spar). The powdered 
mineral is gently heated with the acid in a retort of lead, silver, or 
platinum, as fflass and porcelain are destroyed by the process, and 
the acid condensed in a receiver of the same metal, surrounded 
by a freezing mixture* The action is thus expressed : 

CAF-f-HO,SO3sCAO,6 0i + HF. 
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The add sppeurs sa a very Tolatile liqmd, stroiigl j acid and 
oorroeiTe, (timing in iStie air. A. drop on the skiB barns it Hka 
ped-hot iron, and causes a patnfol sore, not easily healed. Even 
the vaporsy tf tliey are allowed to come much in contact with the 
hand, are apt to cause painful sores under the nails. The acid, 
even when much dihited, or in the form of vapor, rapidly corrodes 
glass, and may be used for etching on glass plates. 

With metallic oxides hydrofluoric acid gives rise to water and 
metallic iuorides : HF + MO=HO + M F. The affiniiy of 
fluorine for silicon is such, that hydrofluoric acid decomposes all 
silioious compounds ; and thk explains its corrosive aetion on glass 
and porcelain. Berielius has employed this aoid as a means of 
analysing siKcioos minerals. As the fluoride of atlicium is ffaseons, 
any such mineral, if digested with hydrofluoric acid, soon loses all 
its silica, and is dissolved, so that the other ingredients may bo 
determined. 

No compound of fluorine wiik any of the preceding elements, 
except hydrogen, is yet known. Its compounds with silicon, 
boron, and the metals, will come to be described in their natural 
places. 

8. SULPHUK. Ss 16.111. 

Sulphur occurs, espedaJly in volcanic districts, in a state of 
parity, often crystallised. It is also found in combination with 
ozygGQ* as sulphuric acid, in gypsum, heavy spar, and many other 
minerafe, with hydrogen as sulphuretted hydrogen, in mineral 
waters, and above all with metals, — most abundantly with lead, 
iron, copper, <fec. Finally, it is an essential ingredient of veffetable 
and animal fibrine, albumen, and caseine, and as such is indispens- 
able to vegetation and to animal life. Some essential oils, such as 
t^ose of mustard, of horse-radish, of assafootida, die, contain a 
large proportion of sulphur. 

Native sulphur is purified by sublimation, when the sulphur 
assumes tlie form of a fine light powder, flowers of sulphur. It 
also occurs in cylindrical sticks, rdl sulphur, which hm been 
melted and run into moulds. 

Sulphur is a solid, cMf a pale yellow color, of Sp. G. 1*99, and 
when pore has neither taste nor smell. It melts at 226^, and 
boils at 600^, yielding a deep brownish-yellow vapor, or gas. At 
temperatures below 390**, the melted sulphur is very fluid, but if 
heated to and beyond that point, it becomes so thick and viscid 
that it cannot be poured out of the vessel. If the heat be still 
iacreased, so as to approach the boiling point of sulphur, it again 
becomes fluid, allhoi^h not so much so as at 230^ ar 240^. If 
now allowed gradually to cool, it first becomes thick, and on cool- 
ing still farther, quite fluid again. Wh^ thrown into water in 
its most fluid state, (at 240''), ii instantly becomes a hard brittle 
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jellow man; but if heated to between fiOO^ and 600^ for aoue tiiBe, 
and then thrown into water, it remains brown and tnui^mrent. 
and is so flexible that it maj be kneaded in the fingeM, and drawn 
into threads. In this state it may be used for talung eopies of 
relieis or intaglios ; for in a few days it becomes solio. crystalline, 
hard, and yellow, retaining very shaip impressions. 

Sulphur is a very bad conductor of heat and of ekctriciiy; 
hence it becomes strongly electric by frieti<m. It crystallises in 
two distinct and irreconcilable foims, probably from a difference 
of temperatore ; from a solution in sulphide of carbon, or chloride 
of sulphur, in acute rhombic octohedrons ; and when melted and 
allowed to cool, in oblique rhombic prisms. It is thus dimorphous, 
and besides occurs in an altogether amorphous state when iieated 
to 600^ and thrown into cold water (tee above). 

Sulphur is insoluble in water ; soluble in alcohol, ether, and oik, 
also in bisulphide of carbon, and in chloride of sulphur. 

The affimties of sulphur are powerful : it forms numerons and 
important compounds, especially those with oxygen, hydrogen, 
and the metals. With many metals it combines when heated 
along with them, the combination being accompanied with the 
deyelopment of heat and light In other words, metals undergo 
combustion with sulphur, just as with oxygen or chlorine. The 
compounds of sulphur with metals are called sulphides. 

Besides roll sulphur, and sublimed sulphur, there is another 
form, namely, precipitated sulphur or lac sulphuris. This is a 
light powder, nearly white, obtained by boiling sulphur with water 
and an alcali, and adding an acid to the solution, when sulphur 
separates as a precipitate. It is yery finely divided, and appears 
to contain some water, although not perhaps chemically combined. 

Sulphur is much used both externally and internally in medi- 
cine. It b a mild laxative, and acts as a specific when employed 
as ointment in prurigo and some other cutaneous affections. 

When heated to above 560^ in the open air, sulphur takes fire 
and bums with a blue flame, producing a very suffocating gas, 
which is sulphurous acid, the only compound of sulphur with 
oxygen capable of being formed by direct combination of its ele- 
ments. There are, however, several other compounds of sulphur 
and oxygen ; and one of them, the sulphuric acid, is perhaps the 
most important agent possessed by the chemist 

SULPHUR AND OXTQEN. 

a. Sulphurous Acid. S O9 =s 83*146. 
This is the gas produced when sulphur bums in the «r or in 
oxygen gas. It is best obtained pure by heating oil of vitriol with 
mercury or copper. Either of these metals deprives a part of the 
sulphuric acid of oxysen, and the oxide thus formed combines 
with the re^t of the acid. Thus : 
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Chi+d(HO,S0t)s«(CiiO,8 08) + 9HO4-SOs. 

The gas may be collected over mercury, being absorbed by 
water. 

Sulphurous acid is a transparent and colorless gas : it has a 
peculiar disagreeable taste, and a most suffocating smell, and is 
very injurious when respired ; its effects, such as hard cough, con- 
striction in the trachea, <fec., continuing for a long time. It is also 
very injurious to vegetation. Its 6p. G. is 2-222. It bleaches 
organic matters, such as flowers, without destroying the coloring 
matter as chlorine does ; for the addition of a stronger acid pro- 
duces the same red as if the color had not been bleached. Sul- 
phurous acid gas is liquefied by intense cold, and yields a very 
volatile liquid. 

Water absorbs about 50 times its volume of this gas, forming 
liquid sulphurous acid, as it is called, properly an aqueous solution 
of the acid. This solution has the suffocating smell, peculiar 
taste, and bleaching properties of tiie gas. If exposed to the air, 
it gradually absorbs ozyffen, and passes into sulphuric acid. 
Nitri( acid also converts smphurous acid into sulphuric acid. 

With bases, sulphurous acid forms salts which are called sul- 
phites. They have all the unpleasant taste of the acid, and when 
acted on by stronger acids, give off the suffocating smell of burn- 
ing sulphur. These salts, as well as the acids, are occasionally 
used by the chemist as deoxidizing agents, Xhe sulphurous acid 
having a very powerful attraction for a third eq. of oxygen to 
form sulphuric acid. The oxides of mercury, silver, gold, and 
platinum, in solutions of their salts, are reduced to tiie metallic 
state by sulphurous acid. 

b. Solpburic Acid. 8 Os =s 40* 168. 

Oil of vitriol, or hydrated sulphuric acid =s HO, SOs or H, 
SO 4 =49-272. 

The first of these formolaa represents dry or anhydrous sul- 
phuric acid, or at least a substance having the composition of oil 
of vitriol, mintu 1 eq. of water. But it is very doubtful if this 
compound really possesses acid properties; and we consider as 
true sulphuric acid the well-known compound of oil of vitriol, 
which may be viewed either as a compound of water (a hydrate), 
or a compound of hydrogen (a hydrogen acid, analogous to 
hydrochloric acid). 

Anhydrous sulphuric acid is obtained by distilling dried basic 
persulphate of iron, Fes Os BO 9, when the p^x>xide of iron la 
left, and the sulphuric acid distils over, condensmg in the receiver 

iif ke{)t dry) as a white crystalline solid, which gives off thick 
umes in moist air, is converted into vapor at about 160^, and has 
80 strong an affinity for the elemeats of water, that when thrown 
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into irafeer it hisMS as a nd-hoC uoa wcfidd do^ taaMumg with die 
water and forming oil of yitriol. 

This coDipoand, SO 3, enters into few combinations, and does 
not Ibrm the ordinary sulphates, unless the elements of water be 
present. Its claim to the character of an acid is therefore doubt- 
ful, and depends on the view which makes oil of vitriol a hjdrate, 
H0,803. 

on. or YTTRiOL, Oft vftus svLFHuno Aoro. 

This acid cannot be formed hj the direct unicm of its elements, 
bat is produced bj causing sulphurous acid to unite with an addi- 
tional eq. q( oxygen, in contact with the elements of water. Sul- 
phur is burned with the aid of nitrate of potash or soda, thus 
yielding a mixture of sulphurous acid and nitrous acid gases. 
These gases are conducted into leaden chambers along with 
atmospheric air and steam, the bottom of the chambers being 
«lso covered with water. All the changes which take place are 
Bot thoroughly understood ; but this much b certain, that the 
sulphurous acid is oxidised at the expense of the nitrous ac]d» 
reducing it to the state of deutoxide of nitrogen : 

3 S Os+N O4 =3 S 0» -t-N Os. 

The water becomes gradually charged with oil of yitriol, and 
the deutoxide of nitrogen, being reconverted into nitrous acid by 
contact with the oxygen of the air, again yields half its oxygen 
to a fresh portion of sulphurous acid ; and thus, for an indetinite 
period, acts as a carrier of oxygen from the air to the sulphurous 
acid. In this way, a comparatively small quantity of nitrate is 
required for a large quantity of sulphur. 

When the liquid has become very acid, it is boiled down in 
platinum or glass ressels until it acquires the Sp. Q. 1*846, when 
it begins to be converted into vapor itself, all the superfluous 
water being now driven off. The remaining liquid is now oil of 
yitriol. 

Oil of titiiol, or hydrated sulphuric acid, is an oOy liquid, 
nearly twice as heayy as water, yery acid and corrosiye, charring 
all organic matters, apparently by its very strong attraction for 
water, or its elements. It freezes at — Sl^, and boils at 617^. 

The oil of vitriol prepared at Nordhausen and other places, by 
the old process of distilling partially dried green vitrio( ^whence 
its name^, often fumes on exposure to the air, and is calleol Nord- 
hausen oil of vitrio], or fuming sulphuric acid. It is, in fact, a 
compound of 1 eq. anhydrous add, and 1 eq. of common or hy- 
drated Buli^uric acid =: H O, 2 S O3, or H 0, S O3 + SO3. Whea 
the fuming acid of Nordhausen is distilled at about 290^, anhydrous 
aeid distils oyer, and hydrated acid remains behind. Most speci- 
mens of the fuming acid contain 5 to B per cent, of hydrated acid, 
in excess beyond we formula H O, 8 Oa, -|- S Os. 
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If we view common sa]ph«rie acid as a hydrate of the aahy 
dvoufl acid, then we have several hydrates of which the fuming 
acid is one. There are, 1st, fuming acid, H 0, 2 S O3 ; 2nd, com- 
mon acid, HO, SOa; 3rd, HO, 803 + H0»S03 + 2H0, 
4th, H 0, S Da + 2 H » 8 O3 + 3 H 0. 

The third hydrate has a Sp. G. of 1-78, and at 39'' crystallises 
in lar^e regular transparent crystals. Of the two eqs. of water it 
eoatams, one is easily replaced by an eq. of a neutral salt ; thus, 
H 0, S Oa + H O gives rise to bisulphate of potash (H 0, S Oa 
+ K 0, S Oa), when the second eq. of water is replaced by neutral 
sulphate of potash. The first eq. of water can only be displaced 
by an eq. of a base ; as when H O, S O3 gives rise to neutral 
sulphate of potash, K 0, S O3. 

The fourth hydrate may be regarded as the third 4* 1 eq. water 
of crystallization. Ite Sp. G. is 1-632. If heated to 212'', it 
loses water, until nothing remains but the third hydrate. 

If we view oil of vitnol, H 0, 8 3, as the original c<»npoiuid 
from which all the others are derived, then the nimiog acid wiU 
be a compound of 1 eq. of it with 1 eq. of anhydrous acid, and 
the other two hydrates will contain 1 eq. oil of vitriol, with 1 and 
9 eq. of water respectively* 

The attraction of oil of vitriol for water is very strong. When 
these liquids are mixed, a great amount of heat is developed, de- 
pending partly on the energetic chemical action, partly on the 
condensation which takes place ; for the volume of the diluted 
aoid, after cooling, is found to be considerably less than that of 
Ihe acid and wate^ before mixture. Oil of vitriol attracts moisture 
strongly from the atmosphere, becoming rapidly weaker if ex- 
posed. 

This piv^rty is made use of in Leslie's ingenious method 
of freezing water in vacuo by its own evaporation ; the evapora- 
tion being greatly hastened by the presence of a vessel containing 
oil of vitriol, to absorb the vapor as fast as it is formed. In 
chemical researches, where heat is to be avoided, liquids are fre- 
quently concentrated by being placed either in yacuo, or simply 
under a bell-jar, along with a basin of this acid. Many gases, 
such as chlorine, carbonic acid, <fec., Ac, are most conveniently 
deprived of moisture by causing them to pass through oil of vit- 
riol, which arrests all the water they contain. It is this powerful 
attraction for water that is the principal cause <^ the charring or 
corrosion of organic matters by this acid. When wood, for exam- 
ple, is charred by sulphuric acid, the acid is found to have undeiv 
ffone no further change, except that it is more diluted, having com- 
bined with water, the elements of which are derived from the 
wood. Now, as wood may be represented as carbon -^ water, 
the removal of water is, of course, accompanied by a separation 
of carbon. 
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No chemical agent is applied to a greater nnmber of purposes 
in the useful arts than sulphuric acid ; and hence its manufactnre 
IS of very high importance. Since the introduction and improre- 
ment of the process now followed, the price of this invaluable 
product has been diminished to a trifling fraction of what it was ; 
and its applications have in consequence become vastly more na- 
meruus and important. These will be described in Uieir proper 
places ; but it may here be mentioned, that two of the most 
extensive and valuable chemical manu&ctures, tliose of soda from 
sea-salt, and of bleaching-powder, are entirely dependent on the 
supply of sulphuric acid at a low price ; and that not only these 
manufactures have benefited by every reduction in the cost of 
making the acid, but also all the important arts to which soda 
and bleaching-powder are essential ; such as soap-making, glass- 
making, and the cotton and calico-printing trades. 

The uses of this acid to the scientific chemist are innumerable ; 
almost every page of chemical works bears evidence of this. In 
medicine, diluted sulphuric acid is used as a refrigerant, and care 
should be taken to avoid administering it along with incompatible 
substances, such as all bases, and many salts. 

The commercial acid is never pure. The chief impurities are 
sulphate of lead, derived from the lead chambers ; arsenic, and 
occasionally selenium, derived from the sulphur; and nitrous^ 
or hyponitrous acid. It is purified by distillation, the first portions 
being rejected, as containing the nitrous acid. The operation in 
glass vessels requires caution, as from the hi^h temperature, and 
the tendency of the acid to boil with succussions, the retorts are 
liable to be broken. The danger is best avoided by introducing 
into the retort some coils of platinum wire, and heating chiefly 
from above, so that the ebullition may go on at the surface prin- 
cipally. 

The pure distilled acid is perfectly colorless, and when cold, 
devoid of smell; it ought also to be entirely dissipated when 
heated on platinum, leaving no residue. 

The presence of sulphuric acid, whether free or combined, ia 
detected in solutions by the characteristic property of forming, 
with any soluble compound of barium, a precipitate of sulphate 
of baryta, which is not only insoluble in water, but also in the 
strongest acids. 

With bases sulphuric acid forms salts, which are called sul* 
phates. In the neutral sulphates, the water of the oil of vitriol is 
replaced by its equivalent of a metallic oxide ; or, if we regard 
oil of vitriol as a hydrogen acid, then in the neutral sulphates 
the hydrogen is replaced by its equivalent of a metal. Thus we 
have. 

Oil of vitriol xs H O, S Os, or H, S O4 and a 
Neutral sulphate = M O, S Os, or M, S 0«. 
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The acid in the neutral sulphates, as niajbe seen by their formiilay 
contains three times as much oxygen as the base by which it is 
neutralized. This holds true also in the sulphates of sesquioxides^ 
the formula of which is Ms Oa, 3 S Os, or Ma, 3 S O4. The acid 
sulphates, which are numerous, contain twice as much acid as the 
neutral ; thus acid sulphate, or bisulphate of potash, is E 0, H 0, 
2 S O3 ; when the acid contains six times as much oxygen as the 
base. 

The affinity of sulphuric acid for most bases is stronger than 
that of all other acids. In a red-heat, phosphoric and boracic 
acids, being fixed in the fire, expel sulphuric acid from its salts. 
In solution, sulphate of lime is decomposed by oxalic and racemio 
acids, which seize the lime ; and sulphate of potash, by tartaric, 
racemic, and perchloric acids, whicn combine with the potash. 
In other circumstances, however, the sulphuric acid appears 
stronger than the acids just meDtioned ; thus, it decomposes phos- 
phates in the cold, and tartrates, or perchlorates, with the aid of a 
gentle heat. 

Many sulphates of metallic oxides, when exposed to a red-heat 
along with charcoal, or in a current of hydrogen gas, lose all the 
oxygen they contain, and are changed into sulphioes of the metal* 
When charcoal is used, the oxygen escapes as carbonic oxide, or 
carbonic acid gas; when hydrogen is employed, the oxygen is 
given off as water. Thus, MO, SO3 + 64 =4C0 + MS; or 
MO, S03+H4=4HO + MS. 

c. Hyposulphurous Acid. St Os = 48*266. 

This acid is unknown in the separate state. Its salts are formed 
when sulphur is boiled with a solution of sulphite. Thus, if sul* 
phite of soda b boiled with sulphur, we hare Na O, S Os -|- S =3 
Xfa 0, Sa Oa . The salts of this acid are called hyposulphites, and 
they are all, except the hyposulphite of baryta, easily soluble in 
water. Hyposulphites are also formed when alcalies are fused at 
a low heat with sulphur, and when solutions of alcaline sulphides 
are exposed to the air so as to be slowly oxidized. 

When we attempt to separate hydrosulphurous acid from any of 
its salts, it is instantly resolred into sulphurous acid and sulphur, 
Sa Oa = S Oa + 8. When oxidized by nitric acid, the hyposul- 
phites are converted into bisulphates : K O, Sa Oa -h O4 = E 0, 
2SO3. 

This acid, and all its soluble salts, possess the remarkable prop- 
erty of dissolving all the compounds of silver, even the chloride, 
which is insoluble in the stron^^est acids; and the solution thus 
formed has a very intense sweet taste, with a metallic after-taste. 
This property has been made available in the daguerreotype, for 
the purpose of dissolving the sensitive coaling of iodide from the 
plate of silver, afber exposure to light, and thus fixing the image 
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already formed. For ihis purpoae, hyporalphate of aoda is nofir 
prepared in confliderable quantity. 

d. Hypoaalphuric Acid. 8s 0« = 73'366. 

This acid is formed, along with sniphuilc acid, when salphuroos 
acid is oxidized by means of peroxide of manganese : 3 S O9 -|~ 
2 Mn O3 =s: Mn O, Ss Ob + Mn O, S Os. The solution thus 
obtained is decomposed by baryta, or by sulphide of barium, by 
which the manganese is separated as oxiae or as sulphide, and the 
sulphuric acid as sulphate of baryta, and hyposulphate of baryta, 
a soluble salt, is obtained: Mn 0, Ss Os +h& S = Ba 0, Sa Os 
+Mn 8 ; and Mn 0, 8 O3 + Ba S = Ba 0, 8 O3 + Mn 8. The 
filtered solution is then mixed with just as much diluted sulphuric 
acid as is sufficient to separate the baryta as the insoluble sulphate, 
and the liquid now contains hyposulphuric acid : Ba 0, Sa 0« 4~ 
HO, 8O3 =BaO, 8 03 + ftO, Sa Os, 

When concentrated by evaporation in vacuo, hyposulphuric acid 
forms a syrup liquid of a very acid taste, and devoid of smell. 
When heated, it yields sulphurous acid gas, while sulphuric acid 
remains, Sa Os = 8 Oa -f 8 0. Its salts, when ignited, give 
off sulphurous acid, while sulphates remain ; M 0, Sa O5 = 8 Os 
4-M0,S03. 

With bases, this acid forms salts, most of which crystallize with 
great facility. It is not applied to any useful purpose. 

e. Sulphuretted Hyposulphuric Acid. 89 0« e= 88*476. 

Discovered by I<anglois. When bisulfite of potash is diceated 
fdong with sulpnur and water, without boiling, a salt is gradually 
produced, which contains this new acid. The acid may be isolated 
by means of perchloric acid, which removes the potash. It fonns 
an acid liquid, which is slowly decomposed, and when heated is 
resolved into sulphurous acid, sulphur, and sulphuric add ; for 8« 
0« ss= 8 Oa + 8 + 8 O3. The theory of its formation is not yet 
fully understood, and the acid itself is as yet but little known. 
The salt which it forms with potash crystallizes easily, and when 
heated yields sulphurous acid, sulphur, and sulphate of potash : 
KO, 83 0«=80a+8 + K0. 60a. 

f. Bisulphuretted Hyposulphuric Acid. S4 O5 = 104*595. 

Discovered by Fordos and Oelis. When iodine is dissolved in 
the solution of a hyposulphite, as hyposulphite of soda or baryta, 
the following change takes place : 

2 (BaO, S« 0«) + I = BaI + NaO, S* 0«. 

Here 2 eq. of hyposulphite of baryta and 1 eq. of iodine yield 1 
s^. of iodide of barium and 1 eq. of the V^ryta salt of the new 
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acid. Alcohol dissolves the fermer, aud leaves tbe latter pure. 
By the cautious addition of dilated sulphuric acid, the baryta is 
precipitated, and the new acid is obtained dissolved in water. It 
resembles the two preceding acids, and, like the last, it is resolved, 
when heated, into sulphurous acid, sulphur, and sulphuric acid, 
84 O5 «SOa +Sa -f-SOs. Here the quanlity of sulphur 
separated is exactly double of that yielded by the acid last 
described. 

The salts of this acid crystallize, and when heated yield 1 eq. 
of sulphurous acid, 2 eqs. of sulphur, and 1 eq. of sulphuric acid ; 
MO, S4O, «S0« 4-Sa + MO, SO3. 

The following table exhibits the composition of the eompoands 
of sulphur and oxyg^en above described, with their formula, and 
those of their neutral salts, according to die older and newer views 
of the constitutioa of aeids : 





Older View. 


New view. 


Ackto. 


Saltf. 


Add4. 


Salt!. 


Sulphurous Acid • • . 
Sulphuric Acid .... 
HyposulphurouB Acid . 
Hyposulphuric Add . . 
Acid of Lanfflois . . . 
Acid of For£>8 and Gelis 


H 0, 8 Of 
H 0, S Ot 
H 0, StOs 
H 0, BtOi 
H 0, 8»05 
no, 840s 


M 0, S 0< 
MO, 8 Os 
MO, StOt 
MO,8sO# 
M0,8s05 
M 0, S4O* 


H,S Os 
H,8 O4 
H, SsOs 
H, SsOo 
H, SsOa 
H, 84O6 


M,S Os 
M,8 O4 
M, SsOs 
M, SsOe 
M, 8s 0« 
MtS40« 



Now, when we reflect that all the salts in the above table, 
although containing only 1 eq. of metal or of base, are neutral, 
while the acids, aecordmg to the older view, and considered as 
oxygen compounds, contain different proportions of oxygen, we 
can hArdl;^ hesitate to prefer the newer view, according to which 
all true acids are hydrogen compounds, and thek* capacity of satu- 
ration, or power of neutralising oases, depends, not on the oxygen 
they contain, but on the amount of hydroffen replaceable by 
metals, which, in all these acids, is 1 equivflJent. This at once 
accounts for the fact that acids so different in composition should 
all form neutral salts with the same quanlity of base. The differ- 
ence lies in the compound radicals, which, according to this theory, 
are united with hydrogen in the acids, and the composition of 
which may vary ad ityiniium without affecting the neutralizing 
power, provided the replaceable hydn^en continue unaltered. In 
fact, an acid has been described by K^gnault in which 1 eq. of 
ehlorine is added to the radical of sulphurous acid ; and another 
by Pelottze, in which 1 eq. of hyponitrous acid is added to the 
same radical, without affecting the power of neutralization. 

If we take the radioal of sulphurous acid as the first member 
of the series^ all the above acida may be thus represented 
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Sttlphutons Acid .... H-j- 8 Ot 

Sulphuric Acid H + (S 0» + O) 

HypoBulphuroui Acid . . H + (8 Os + S) 
Hyposulpburic Acid . . H + (S Os + S Os) 
Acid of Langlois . . . . H + (S Os + S Os+S) 
Acid of Fordoa and Gelis H + (S Os + S Oj + S«) 
Chlorosulphuric Acid . . H + (S Os + CI) 
Nitrnsulphuric Acid . . . H + (S Os -f N O 

Here we see that the addition to the radical SOs, of oxygen, of 
Bttlphur, of its own elements SOs, of the same with sulphur, of 
chlorine, or of hyponitrous acid, does not a£fect the neutralizing 
power» that being dependent on the amount of replaceable hydro- 
gen, which is the same in all. 

I have here entered into some detail on the subject of the true 
constitution of acids, because the acids of sulphur form an admi- 
rable illustration of the superior simplicity of the new view of 
acids and salts, according to which, an acid may be defined as, — 
A compound of hydrogen with a radical, simple or compound, in 
which the hydrogen may be replaced by its equivalent of metal : 
while a salt is, — A combination of a simple or compound radical 
with a metal : the different salts of one metal corresponding with 
the oxides of, the same metal. 

It is obvious that even when a -chemical combination or change 
is represented in a formula according to the old view, as is the 
case m almost all existing works, we can easily transpose the form- 
ula so as to express the new view. Thus, sulphate of potash, 
on the old view, is K O, S Os ; on the new it is K, S O4 ; or if we 
express the action of iron on sulphuric acid, on the former view, b j 
Fe + H O, S 3 = H + Fe O, S O s, it is more simple on the latter, 
Fe + H, S04«H--Fe, SO4. 

While, therefore, in order to avoid confusion, I shall ffenerally 
use, in equations, the older formula for acids and salts, I shall give 
the new formula for the principal acids, as I have done for sul- 
phuric and nitric acids, so that the student may, if he please, 
convert the equations into the new foim. 

SULPHUR AND HrOROGKN. 

a. Sulphuretted Hydrogen. HS= 17-12. 

Syn. ffydrosulphurie Acid. — This compound is formed when 
hydrogen and sulphur come in contact in tne nascent state. It is 
best prepared by causing diluted hydrochloric or sulphuric acid to 
act on sulphide of iron in the apparatus, p. 68, when sulphuretted 
hydrogen is disenga^d as a gas, which may be collected over 
warm water, or solution of salt. The action is as follows : Fe S + 
HCl=rFeCH-H8. 

Sulphuretted hydrogen is a gas, transparent and colorless, hav- 
ing a very offensive and peodiar smell, which is well known as 
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that of putrid eggs. It is liquefied by a pressure of 17 atmos 
phercs. When respired, even allhough much diluted with air, i** 
IS highly deleterious, and as it is often formed where animal mat- 
ters or excrements putrefy, as in burying-vaults and cloacae, it 
not unirequently causes the deatli of workmen who suddenly come 
in contact with it The smell of the gas ought, in all cases; to be 
viewed as a warning of danger. The presence of the gas may 
also be recognixed by its power of blackening tlie salts of lead, 
owing to the formation of the black sulphide of lead. 

This gas is combustible, burning with a bluish flame, and pro- 
ducing sulphurous acid gas and water. Its Sp. G. is M 77. Water 
absorbs 2 or 3 times its volume of tlie gas, and acquires its smell 
and a nauseous sweetish taste. By contact with the air, the solu- 
tion is gradually decomposed; water is formed and sulphur 
deposited. Sulphuretted hydrogen water must, therefore, be kept 
in small phials, quite full and closely stopped. 

Sulphuretted hydaogen has the properties of a weak acid ; it 
reddens litmus feebly, and acts on bases, forming with them water 
and« metallic sulphides : H S + M == H + M S. As the 
sulphides of some metals are soluble while those of others are 
insoluble ; as moreover the oxides of some of the latter are not 
decomposed by sulphuretted hydragen when dissolved in an acid, 
the action of this gas on solutions of metals in acids affords us 
a great deal of information, according as a precipitate of sul- 

Ehide is formed or not, the color of the precipitate being also 
'equently characteristic, tis will be described under the individ- 
ual metals: this renders sulphuretted hydrogen a most useful 
re-agent in detecting and separating from each other metallic 
compounds. 

Mineral water exists, as at Harrowffate, which contains sulphur- 
etted hydrogen, easily recos^nized by ils smell and by the property 
of blackening the salts of lead, silver, and several other metals. 
The gas in these waters arises from the slow and continued piitre* 
faction of vegetable matters containing sulpluir, such as albumen, 
fibrine, <S:c. These sulphurous waters are used in medicine, both 
internally and externally ^as baths), with great advantage. In 
many cases the artificial sulphuretteu hydrogen water, formed by 
passmg tlie gas through water, previously boiled and allowed to 
cool, may be substituted for them. 

b. Pcrsulphuretted Hydrogen. H S« ? or H St 1 

This compound is formed when alcalies, such as potash or lime, 
are boiled with excess of sulphur, and the solution, which is of a 
deep yellow or orange color, is poured into a large excess of mod- 
erately strong hydrochloric acicl, made by mixing equal parts of 
concentrated acid and water. A heavy, somewhat viscid, transpa- 
rent, yellowish liquid falls to the bottom, which is the compound 
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tn question. The preoiae natare ^ ail die dmiigeB ivliidb tdn 
place in this process is not known ; but it is probable that a per* 
snlphide of toe metal is formed in the first stage, socb as peranl- 
phide of potassiam K Si ; and that a hyposolphite is generated at 
the same time, possibly according to the ibrmnia'3 K O + Sis:m 
KO, Sa Os 4* 2 KSs. In the second stage, we have probably 
KSf +H Cl=eE Cl + HSs. Bnt as the composition of persid* 
phuretted hydrogen is not precisely determined, and as the persni* 
phide appears to dissolve an excess of sulphur, we cannot ba 
certain that this is the true explanation. Thinard considers 
persulphnretted hydrogen H Sa , and to be analogous to the perax* 
ide of hydrogen H 8s . But his own analysis always gare far more 
sulphur than corre^nds to his formula, and the analogy ha 
pointed out is very obscure and doubtful. 

Persulphnretted hydrogen soon undergoes spontaneous deoooi- 
position, even if kept in sealed tubes, resolving itself into sulphur 
and sulphuretted hydrogen. In a strong sealed tube, the sulphur- 
etted hydrogen, by its own pressure, is liquefied, and floats abov« 
the sulphur, which is deposited in transparent crystals. Persul* 
phuretted hydrogen seems to have feeble acid properties. la 
contact with alcalies, it reproduces water and the metalUc persnl- 
phuret. HSs+KO=:H[0 + KSs. 

SUUPHUR AND NITBOOKN. 

Snlphide of Nitrogen.« N Ss ss 83-51. 

When chloride of sulphur, SCI, acts on dry ammonia, NHs, 
a compound is formed, S CI, 2 N Ha. By the action of water on 
this there is formed, among other products, a greenish yellow 
solid body, which is sulphide of nitrogen NSs. By contact 
with water, it is gradually converted into hyposulphurous acid 
and ammonia: for 2 N Ss + 6 H = 2 if Ha + 3 Sa 0«.— 
(Soubeiran), 

When aqua ammonia acts on chloride of sulphur, a variety of 
products are formed, among which is one, a wnite crystallizable 
solid, soluble in alcohol, which appears to consist chiefly of sulphur 
and nitrogen. Its nature is not yet ascertained, but it is dis- 
tinguished by the property of dissolving in an alcoholic solution 
of potash with a deep purple color, which soon disappears, while 
ammonia is given off, and crystals of hyposulphide of potash are 
deposited. — (W, G.) 

* As the compoandfl of the non-metallic elements with bases terminaie ia 
itU, it has lately beoome the custom to g[ive the cmnpounds of aolphnr aa 
onalogofts termloaUon ; therefore, saiphurets are now termed 9tdpkide», Car- 
burets, where it is necessary, might also be cailed carbide$, phospburetSy 
pko^thideBt seleninrets, seleninrideSf &o. French chemists, in particular, have 
pretty generally adopted the new nomenclature. Some of the fifst En^iA 
And American chemists have also a^plsd it. B* 
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BVLPHUR AND AVIlOlnA. 

a. Protosulphide of Ammonium. N Hi , S s= Am S a= 84*37. 

8rv. BydrosulpkUU of Ammonia, — This eompound is formed 
wfaen 1 vol. of dry ammontaoal gas is mixed with X vol. of sul- 
phurel>ted hydrogen, N Hs + H S s= N H4 , S. It is best obtained 
by disttllinff a mixtere of chloride of ammonium ^sal ammoniac) 
and Bulphide of barium, or of calcium. Ba 8+ J^ H4, CI = Ba 
Gl + N H4, S. It forms colorless crystals, which are volatile, and 
dissolve readily in water. The solution becomes yellow by the 
gradual action of the atmospheric oxygen ; it smells of sulphuret* 
ted hydrogen and ammonia : and in fact this solution may be more 
convenienUy prepared by taking two equal portions of aqua 
ammonise, and saturating one of them completely with sulphuretted 
hydrogen. This produces, first, sulphide of ammonium, and then 
a compound of that body with sulphuretted hydrogen, N H4, S + 
H 8. The other half of the aqua ammonie is then added, and we 
bave(NH4,S + HS)+NH9«2(NH4,S). 

Sulphide of ammomiim, or hydrosulphuret of ammonia, as it 
18 called, is very much used as a test ana re-agent in detecting and 
separaUng metab. It converts into sulphides many oxides on 
wnich sulphuretted hydrogen does not act, and it also dissolves 
manv metallic sulphides. 

The compound above mentioned, which is formed when ammo- 
nia is completely saturated with sulphuretted hydrogen, N H4 , 8 
+ H S, possesses very nearly the same properties, and may be 
used for the same purposes. It may be called the hydrosulphide 
of sulphide of ammomum. 

Botn the preceding compounds, when pure, are colorless ; and 
their solution, mixed with acids, gives off sulphuretted hydrocren, 
without the deposition of sulphur. By keeping, however, tney 
become yellow, and acids cause a precipitation of sulphur. This 
IS owing to the formation of persulphide of ammonium. 

b« Persulphide of Amaionium. 

This compound is formed when either of the preceding is digested 
with sulphur. There seem to be several sulphides of ammonium^ 
as of potassium, (which see), containing from 2 to 5 eqs. sulphur. 
When N H4, S is exposed to the air, we may suppose the ammo- 
nium of 1 eq. to be axidised (as is the case with potassium) and to 
be convertea into free ammonia, N H4, ss N Ha, H 0, while the 
sulphur of that equivalent unites with the other, forming N H4, 
Sa . When the compound N H4 , 8, + H 8 is exposed to the air, 
it is the hydrogen of the sulphuretted hydrogen wnich is oxidized, 
while its sulphnr forms the bisulphide of ammonium. When 
sulphur 18 dimted wilii either of the preceding compounds, dif- 
ferent persulpnides of anhnonium are prc^bly formed ; and where 
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the sulphar is in excess, ii yields^ in nil probability, tbe compound 
N H4, S5, analogous to persulphide of pqtassium, E Ss. 

All the yellow sulphides 01 ammoDium have the same useful 
properties as tbe protosulpbide in relation to metallic compounds, 
and some of them dissolve certain metallic sulphides still more 
readily. The persulphide of ammonium or sulphuretted hydro* 
sulphide of ammonia, as it is sometimes called, is, therefore, very 
much used in analysis. It is distinguished from the protosulpbide 
by the action of acids, which cause a precipitate of sulphur, and 
by its yellow or orange color. The solution of protosulpbide of 
ammonium, when kept, becomes gradually yellow, from the form- 
ation of persulphide ; so that, in fact, the latter is always present 
in the usual forms of this valuable re-agent. 

Sulphide of ammonium, under the name of hydrosulphide of 
ammonia, is used in medicine. It ought to be given alone, in pure 
water, as it is decomposed by most acids or salts. The persulphide 
has long been known as Boyle's fuming liquor, which was obtained 
by distilling 3 parts of slaked lime, 2 of sal-ammoniac, and 1 of 
sulphur, into a receiver containing 3 parts of water. Thus pre- 
pared, it was an orange-colored liquid, of oily consistence, fuming 
m the air, and having a very offensive sulphurous smell. This 
preparation, however, ccmtains variable proportions of free 
ammonia. 

SULPHUB AND CHLORINS. 

a. Bichloride of Sulphur. Ss Cls:67-71. 

Formed when chlorine is passed through a vessel containing 
flowers of sulphur, until nearly the whole sulphur has disappeared. 
The liquid formed is then purified b^ distillation. It is a reddish 
brown, fuming, pungent liquid, boiling at 280^. The Sp. G. of 
the liquid is 1-687 ; that of the vapor is 4*70. It is decomposed 
by water, yielding hydrochloric acid, hyposulphurous acid, and 
sulphur. 

b. Protochloride of Sulphur. S CI s= 61-69. 

When an excess of chlorine is passed through tbe preceding 
compound, and the liquid is repeatedly distilled at about 140°, the 
protochloride is obtained pure. It is a deep reddish brown liquid, 
which boils at 147''. Its Sp. G. is 1-62 ; that of its vapor, 3*68. 
When acted on by water, it yields hydrochloric acid and hyposul- 
phurous acids, the latter being soon spontaneously decomposed, 
2 S CI + 2 H = 2 H CI -f S2 2 . 

SULPHUR AND BROMIKB. 

Bromine combines readily with sulphur, and produces oom* 
pounds analogous to the preceding. * 
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When 1 part of sulphur and 8 of iodine are mixed and gentlj 
heated, they immediately combine and liquefy. ' On cooling, the 
liquid, which is dark brown, consolidates into a black crystalline 
solid, which is the iodide of sulphur. It must be kept in well- 
dosed bottles, as it is destroyed by the access of air, iodine being 
given off. Its composition is probably SI. It is used in medicine 
as a remedy in various cutaneous diseases. 

Ko compound of sulphur and fluorine is yet known. 

9. Selekhth. Seas 39*6. 

This element occurs in very small quantity, chiefly in certain 
varieties of pvrites, the sulphur from which, when converted into 
sulphuric acid, leaves in the chambers a deposit, consisting of sul- 
phur, selenium, and some metals ; and from this the selenium is 
obtained. Some kinds of fuming sulphuric acid contains a little 
selenium, which separates on the addition of water as a red pow- 
der. Different processes are employed for extracting selenium 
from the deposit above mentioned ; but the essential parts are, 
oxidizing and dissolving the selenium by means of aqua regia, 
separating the dissolved metals by sulphuretted hydrogen, £c., 
and finally deoxidizing the selenious acid by means of sulphite of 
ammonia and hydrochloric acid. 

When precipitated, selenium appears as a red powder, which, 
when heated, melts, and on coonng forms a brittle mass, nearly 
black, but transmitting red light m thin plates. When more 
strongly heated it volatilizes, yielding a yellow gas, which con- 
denses into a crystalline dark red powder on a cold surface. 

Selenium is extremely analogous to sulphur, except in color; 
and this analogy is still more striking in its combinations. When 
heated in the air, it takes fire, burns with a blue flame, and pro- 
duces a gaseous compound, oxide of selenium, 8e 0, which has a 
most penetrating and characteristic odor of putrid horse-radish. 
By ilus character selenium is easily recognized in minerals con- 
taming it, before the blowpipe. 

SELENIUM AKD OZTaSN. 

These elements combine in three proportions : 

a. Oxide of Selenium. Se O ss 47*6ia. 

This compound has been already mentioned. It b formed when 
selenium bums, and is gaseous ; it is not acid, and has no analogy 
with any of the oxides of sulphur. 

b. Selenious Acid. SeOs ss65'(S26. 

This acid is formed when selenium is dissolved in nitrio acid, 
and the solution evaporated to dryness. It is a solid which, when 

19 
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heated, ia converted iato a yellow ^# eondensinff again into 
acicular crystals. It is yery soluble in water, and nas an aeid 
taste, in composition it corresponds to sulphurous acid. Thia 
latter acid and its salts deprive selenious acid and its salts of 
oxygen, causing selenium to oe deposited in the uncombined state. 

c. Selenic Acid. H O, Se Os » H, Se O4 s 72 '663. 

This acid is formed when selenium is oxidized by fusion with 
nitxe. The fused mass is dissolved in water, and the selenic acid 
precipitated as seleniate of lead by adding a salt of lead. The 
seleniate of lead is decomposed by sulphuretted hydrogen, and 
the filtered solution of selemc acid cautiously evaporated till it has 
the Sp. G« 2*626. It is now hydrated selenic acid, HO, SeOs, 
or ratner H, Se O4 . It is very acid and corrosive, and resembles 
sulphuric acid very much. It may be recognized by the action <^ 
hydrochloric acid, which reduces it to selenious acid, chlorine b^g 
set free. Selenic acid b not decomposed by sulphurous acid (as 
selenious acid is), or by sulphuretted hydrogen. It produced- 
intense heat when mixed with water. 

With bases, for which it has great affinity^ selenic acid fonoa 
salts, called seleniates, which are isomorphous wUh the correspandr 
ing sulphates, and entirely resemble them in external characters* 

SELENIUM AND HTDROGSN. 

Seleniuretted Hydrogen. H Be ss 40*6. 

Stn. Hydrosdemc Aeid. — This compound is obtained, like aul- 
phuretted hydrogen, which it much resembles, by the action of 
acids on metallic seleniurides. MSe + HCl = MCl + H Se. 

It is a colorless gas, which is combustible, and when burned 
gives off the characteristic odor of oxide of selenium. Seleniuretted 
hydrogen itself has a smell resembling that of sulphuretted hydro* 
gen, and when respired is even more poisonous than that gas. A 
9mall bubble of ft produces much and painfid irritation of the 
mucous membrane of the nose and eyes ; and if it reaches the 
bronchi, excites severe cough, in addition to its poisonous action 
if absorbed into the blood. The presence of a small quantity of 
it in sulphuretted hydrogen seems to exalt the poisonous energy of 
the latter. Like sulphuretted hydrogen, this ^ is absorbed by 
water, and precipitates most metallic solutions, yielding seleniurides 
corresponding to the respective oxides. Most of these seleniurides 
are black or dark brown; but thoee of zinc, manganese, and 
cerium, are flesh red* 

Nothing is known of the compounds of selenium with nitrogen* 
With ammonia it is probable tnat seleniuretted hjrdrogen forms 
seleniuride of ammonium, N H4, Se, and hydroeeleniuride df aele- 
muride of ammonium, N H4, Se + H Se. — {Bimemu) 






.-<ndarid« of Mtcfaimn appMn to t». analogoTU to «blortd« of ' 
BK^hv ; and the Bftme majr be SMd of the bromida and iodide. 

10, pHOflPHORD*. P = 31-i*, 

This element occurs abundantly in the bones of animals, ia 
<;ombiaation with oxygen and meUl*, as pboephote of Ibne, phos- 
nhate of maf^aeaia, iSc. It is also an ingredient in xnne anknowii 
fimn of combination, of vegetable and animal fibrinesnd albomen^ 
mad is constantly present in the unoe and ezcremoBts. Li th« 
mineral kingdom it occurs as pho^hata of time (apatite), pho* 
phate of alumina (wavellile), pho^bates o( lead, oof^r, Ac. 
. To obtain phosphorns pore, 10 parts of burnt bones are mixed 
with 30 or 40 parts of water, and 6 parts of oil of vitriol gradn-^ 
ally added. After 24 hours, 50 or 60 parts of water are added ta 
Uie mbtur«, and the whole well stirred and digested for a day or 
two. The strained liquid is evaporated to the consistence of thick 
syrup, and is then acid phosphate of lime. It is now mixed whk 
^ of lis weight of powdered cuarcoal, dried up, and gently ignited.' 
The tnaas is then gradually heat- 
ed (o whiteness in a stoneware w 
iton retmi, the neck of which 
ends in a wide bent tohe, whlelv 
dips a little under water. Half- 
of the phoephoric add in the BeMr 
phosphate of fime is deoiidiMii 
oy the charcoal, and phosphortn 
is set free, whicb distils ovoi< 
and condenses under the water.' 
Owing to the presence of wate^ 
in the mass, part of the pbee- 
|d)oras is disengaged in eombl-^ 
nation with hydrogen, forming a 
^MHitaueonsI^ combustible gaa. Care must therefore be taken to* 
avoid ezptoeions. The action of the charcoal on the pfaosphorio' 
(Rid is thus represented: POi + Ci >b£00 + P. Carbonic 
oiide gas, C 0, is therefore disengaged in large quanli^. 

The phosphorus is now to- be melted under water, and squeeied 
through chamois leather, which separates impurities. It is lastly 
melted under water, in fiiDnels with long cyUndrieal ne^a, stopped 
below. Into the naclfs of the funnels the pboniliorue nms, anA 
when cold may be pushed out in the form of solid cylinders. 
. Pure phosphorus is a earless, or very pale, yellowish, trans* 
parent, or translucent solid, of the consistence of wax. Its Sp. Q>' 
i» 1-77. At 113° it melts, and at 673° it boUs, distilling com- 
pletely in close vessels. It has, in the soUd form, neither tut* 
nor smell ; but it gives off v^wri in the air, which nndergoing a 
alow combustion, uveon.odorofgarlia; and in solntiaa it baa aif^ 
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acrid £sagreeab1e taste. Pbospborns is rosolttble in water ; aolu* 
ble in alcohol, ether, mU, sulphide of carbon, and chloride of 
phosphorus. From the latter liquids it is often deposited in ocU>- 
nedral and dodecahedral crystals. It is very p<Hsonous, but is 
used in medicine in very small doses. 

When kept in vessels exposed to light, phosphorus becomes 
yellow, or even brown, externally, owing to some unexplained 
change. It must always be kept under water, and never taken 
into ue fingers, for it is so combustible as occaaonally to take fire 
from contact with the warm hand, where, as it melts and continues 
to bum, it inflicts frightful injuries. 

When heated in air, phosphorus takes fire, and bums with a 
bright light, producing much white smoke, which is anhydrous 
phosphorous acid, P 0<. When heated in oxygen, it bums with 
a KgDt so dazzling that the eye cannot endure it In contact with 
chlorine, bromine, or iodine, without the aid of heat, combustion 
takes place spontaneouly, while the phosphorus combines with 
these metalloids. 

PB08FBOBU8 AIO) OXTOXII. 

Phosphorus combines very readily with oxygen. Even at the 
ordinary temperature it undergoes a slow combustion in lur, giving 
out vapors wnich are luminous in the dark. It frequently happens 
that the heat developed by this slow combustion gradually reaches 
the point at which the phosphorus takes fire : hence the sponta* 
neous combustion of phosphorus, if left exposed to the air, and the 
necessity of keeping it under water. Many powders, such as 
powder of platinum, charcoal, lamp-black, Ac, when sprinkled 
on dry phosphorus, cause it to take fire ; no doubt because these 
powders absorb and condense oxygen in their pores, and thus 
orinfi; it into close contact with the phosporns. 

Many different kinds of instantaneous lights are made with 
phosphorus, owing to its ready combustibility by friction, espe- 
dally when chlorate of potash is used. 

We are acquainted with four compounds of phosphorus and 
oxygen. 

a. Oxide of Phosphorus. Ps Oa = 86*38. 

This oxide is obtained by causing a current of oxygen to come 
in contact with phosphoras under boiling water. Combustion 
takes place, and some phosphoric acid is formed ; but a part of 
the phosphoras forms an insoluble cinnabar red powder, which is 
oxide of phosphorus. Pa 0. 

It bums, if heated nearly to redness, in the air : if heated in 
close vessels, it is resolved into phosphorous and phosphoric acid, 
.6Ps Oa = 2POs -hPis. It is oxidized with combustion by 
nitric add, and takes fire in chlorine gas. 
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b. HypophosporoiM Acid. P O :» 66.14. 

In tbe separate, or hydrated state, P 0, 3 H 0, or P O4, Ha. 
This acid is formed when phosphides of the alcaline metals act on 
water, or when phosphorus is hoiled with alcalies and water, 
phosphoric acid and phospharetted hydrogen gas heing formed at 
the same time. The two acids combine with the base ; and if 
this be lime or baryta, the hypophosphite being soluble, is easily 
separated from the insoluble pnosphate. From the hypophosphite 
of baryta, sulphuric acid removes the baryta, and the hypophos* 
phorous acid is left, dissolved in water. By gentle evaporation it 
may be obtained as a deliquescent crystalline mass, which is the 
hydrated acid. 

When heated in close vessels, this acid is resolved into phos- 
phuretted hydrogen gas and phosphoric acid. . Thus : 2 (P 0, 
8 H 0) = P H3 4- P 0« , 3 H 0. It is a powerful deoxidizing 
agent, taking oxygen from many other substances, and passing 
into phosphoric acid. With bases it forms salts called hypophos- 
phites, which are all soluble in water, and which, when heated^ 
are resolved into phosphates and phosphuretted hydrogen. 

c. Phosphorous Acid. 

In the anhydrous state, P O3 ; in the separate, or hydrated, 
state, (the crystals,) P O3, 3 H O, or P Oo, H3. 

This acid is formed, along with phosphoric acid, during the 
slow combustion of phosporus in air. It is best obtained pure 
by acting on the sesquichloride of phosphorus, P CI3, by water. 
P CU + 6 H = 3 H CI + P O3, 3 H 0. The hydrochloric acid 
is easily expelled by a gentle heat, and the aqueous solution of 
phosphorous acid, if sufficiently evaporated, yields a mass com- 
posed of deliquescent crystals. This is the hydrated acid. 

This acid, like the preceding, is a powerful deoxidizing agent 
When heated in close vessels, the anhydrous acid, obtained by the 
combustion of phosphorus in rarefied air, yields phosphorus, and 
anhydrous and phosphoric acid, 6PO3, =3P0a +P«. The 
hydrated acid, in the same circumstances, yields hydrated phos- 
phoric acid and phosphuretted hydrogen gas, 4(P03, 3H0)=s 
3(P05, 3H0)4-PH3. 

With bases phosphorous acid forms salts, which are called 
phosphites ; and the general formula of the neutral phosphites is, 
PO3, 3MO,'orP06, M3. 

d. Phosphoric Acid. 

1. Anhydrous Phosphoric Acid. P O5 = 71*466. 

This compound is formed only when phosphorus is burned in 
dry air or oxygen gas. It then appears as a white solid, like 
mow, which rapidly attracts modature from the air, and pasaet 
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into metaphoipluirie a^id, P Og, H O, or P 0«, H ; and Hob again 
soon changes, in contact with water, especially if heated into eom- 
mon or hydrated phosphorio acid, P 0«, 3 H Of or P Ot, H9. 
The anhydrous phosphoric acid, like the anhydrous sulphuric acid, 
can hardly be said to be an acid body, as it does not exhibit acid 
properties until it has been brought into contact with water. 

fl. Hydrated Phosphoric Acid. 

There are three diflferent acids to which this name may be 

SVen. If we yiew them as compounds containing water, then 
ey an contain anhydrous phosphoric acid, combined in each with 
a different proportion of water, and their formulae will be P 0«, 
HO ; P 0«, 2 H O ; and P Oi, 3 H 0. If, on the other hand, 
we Tiew them as hydrogen acids, then they contain no anhydrous 
phosphoric acid, but are quite distinct compounds, and their 
formulae will be as follows : P Oe, H ; P O7, Ha; and P Oi, Hs. 
The latter view is much more probable, and agrees better with 
the properties and composition of these acids, and of their salts. 
The first is called metaphosphoric acid, the second pyrophosphoric 
acid, and the third common phosphoric acid ; or they may be still 
better designated as monobasie* labasic, and tribasic phosphorio 
acids. 

lOTAFHOSFBOBIC, OB MOKOBASIC FBOSPHOBIC ACn>. 

P Of, H O, or P 0«, H =^ 80-478. 

This add is easily obtained by dissolTin? phosphorus in diluted 
nitric acid with the aid of heat, evaporatmg to a syrup, and ex- 
posing the residue to a red-heat in a pladnnm crucible. Or the 
solution of the anhydrous acid may be treated in the same man- 
ner ; or phosphate of ammonia may be ignited in a platinum cn^ 
cible. When phosphoric acid has once come in contact with 
water, it can never be rendered anhydrous by heat ; it can only 
be reduced to the state of monobasic add. 

As thus obtained, it appears in the shape of a colorless and 
transparent glass, which slowly dissolves in water. It is hence 
callea giadfu phosphoric .acid. Its solution causes in solutions of 
diver a white granular precipitate of monobadc phosphate of sil- 
ver ; it also coa^lates albumen. But if loog kept, or if very 
rapidly boiled, this solution passes into one of tribasic phosphoric 
acid, and no longer precipitates diver or coa^lates albumen* 
Here 2 eqs. of water enter into the compodtion of the add : P Os, 
HO + 2HO=PO,,3HO, 

With bases this acid forms one series of salts, the manobasic 
phosphates, the general formula of which is, P Of , M 0, or 
P Oe, M. In these, the hydrogen of the acid is replaced by its 
equivalent of metal. The precipitate eaused by the add in sola* 
Ikna of ailvnr is one of these saita: P Of » Ag O, 
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PnU)l>H0fiPBORIC, OR BIBABIO PBOfllPHORIO ACID. 

P 0«, St H O, or P Ot, Hi = 89-491. 

When common or tribasic pIioBphoric acid, PO5, 3H0, is 
heated for some time to 417^, it loses one-third of the water h 
contains, and becomes bibasie, or pyrophosphoric acid. It appears 
as a viscid syrup, very acid and very soluble in water. Its solu*- 
tion neither precipitates silver nor coagulates albumen; but if 
previously neutralized by ammonia, it causes in salts of silver a 
flaky white precipitate of bibasie phosphate of silver, P Os , 2 Ag O. 
The solution of this add, like that of the preceding, soon passes 
into tribasic acid, especially if heated. 

With bases it forms two series of salts, one containine 2 eqs. of 
base, the other 1 eq. of base, and 1 of water. The former are 
neutral, and have the general formula, P 0«, 2 M O : the latter 
are acid, and their formula is, P Of, MO, HO. This acid fis 
much more easily obtained in combination with a base than in the 
free sttite, and in fact it was discovered in the salt obtained by 
iffniting the common phosphate of soda, when there is left pyro- 
j^osphate or bibasie phosphate of soda, P O0, 2 Na O. 

When a pyrophosphate is melted with excess of base, it is con*> 
verted into a tribasic phosphate. Thus, if pyrophosphate of soda be 
fiised with an additional equivalent of soda, the tribasic salt, P Ot^ 
3 Na O, is formed, which no longer contains pyrophosphoric acid, 

COMMON, OB TRtBASIO PHOSPHORIC ACID. 

P Os, 3H O; or P Ot Hi = 98-604. 

When a solution of any of the preceding acids is evaporated by 
a moderate heat to the consistence of syrup, the residue is found, 
to be the tribasic acid, P Os, 3 H 0. Heated for a long time to 
417^, it loses 1 eq. water and becomes bibasie ; heated to redness, 
ii gives off 2 eqs. water, and becomes monobasic. A diluted soht- 
lion of either of these gradually becomes tribasic, and this change 
ia very rapidly effected by boiling. Solution of common phos- 
phoric acid neither precipitates silver nor coagulates albumen ; but 
if neutralised by ammonia, it causes in salts of silver a pale yellow 
preci{Htate of tribasic phosphate of silver, P O5, 3 AgO. 

The most economical method of preparing phosphoric acid Is to 
add to the syrupy superphosphate, or acid phosphate of lime, 
jirevtonsly described, oil of vitriol as long as it causes a precipita- 
tion of sulphate of lime. The mixture becomes quite thick, and 
is to be diluted with water, filtered, again concentrated to a syrup, 
and again tested by adding a few drops of oil of vitriol. When 
no more sulphate of lime is formed, the solution is free from lime, 
but still contains phosphate of magnesia. It is to be evaporated 
and gradually heated to redness in a platinum vessel, by which 
aieans all the eioesa of sulphuric add is ezpdled, and a glass is 
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left To separate the magnesia* this glass is to be ifissolTed m 
warm water, and the solution evaporated in a piatinum disb till its 
temp<'ratnre reaches 600^ F., and phosphoric acid begins to be 
expelled along with the water. At this point the tbiek riscid mast 
becomes tarbid, (rom the separation of insoluble phosphate of 
nagnesia ; and if the same temperature is kept up for a quarter or 
half an hour, the whole of the magnesia assumes the insoluble 
form. Water being now added, the pure phosphoric acid dia- 
folires, the insoluble phosphate of magnesia is separated by filtra- 
tion, and the filtered liquid is a pure solution of phosphoric acid. 
It is now evaporated and once more gentlj ignited in a covered 
platinum vessel. Pure monobasic phosphoric acid is left. It is 
now dissolved in hot water, and becomes tribasic acid, the form 
usually employed, as it is the most permanent. Like the other 
phosphonc acids, it is very acid, but not corrosive. It is oces- 
sonatly used in medicine. 

Wi'h bases, common phosphoric acid forms three series of salts, 
m which the 3 equivalents of water in the acid are wholly or par- 
tially replaced by metallic oxides. Thus, with soda it forms three 
salts ; Ist, neutral phosphate, P Os, 3 Na O ; f^d, common phos- 

fhate of soda, F Os, 2Na O. HO; 3rd, acid phosphate of soda. 
^0«, NaO, 2 HO. In each of these salts there are 3 eqs. of 
base, but these may be either all soda, or partly soda and partly 
basic water. All three salts give with the salts of silver the same 
yellow precipitate, POs, 3AgO; but the supernatant liquid is 
only neutral when the neutral phosphate is used ; it is acid in the 
case of the other two salts, because, for every eq. of oxide of sil- 
ver in the precipitate, 1 eq. of nitric acid has to be neutralised, 
and this cannot be effected by the basic water, but only by the 
soda. 

When the second or common phosphate of soda is ignited, its 
basic water is driven off, and bibasic phosphate of soda, P0«, 
2Na 0, is left. This salt, dissolved in water, gives with salts of 
silver a white flaky precipitate of bibasic phosphate, while the 
supernatant liquid remains neutral. 

If the third or acid phosphate of soda be ignited, it loses 2 eqs. 
of basic water, and monobasic phosphate is left, which, if dissolved 
in water, gives with silver a granular white precipitate of mono- 
basic phosphate, the supernatant liquid remaining neutral. 

From the above brief description of the three modifications of 
phosphoric acid, it will be seen that their characters are distinct 
and well marked. Graham views them, according to the formula 
which assume the presence of water, as three different hydrates 
of the same anhydrous acid ; and he considers that when tlie anhy- 
drous acid has combined with one, two, or three atoms of water, 
it acquires and retains, in each case, the power or tendency to 
combine with one, two, or three equivalents of fixed base. Ths 
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facility with which one form passes into the other is in favor of this 
yiew ; but it must be observed that it affords no explanation of the 
remarkable tendency alluded to, but only states the fact, and still 
leaves unanswered the question, Why does anhydrous phosphorio 
acid at one time unite with 1 eq., at another wiih 2 eqs. or 3 eqs. 
of water ? or why does it, by doing so, acquire the tendency to 
unite with 1, 2, or 3 eqs. of base ? 

Liebig, on the other hand, considers the three acids as radically 
different, bein^ formed of hydrogen, united in each to a different 
compound radical ; and that as in the first there is only 1 eq., in 
the second 2 eqs., and in the third 3 eqs. of hydrogen, the salts 
must necessarily contain equivalent proportions of metals which, 
in the two latter, may replace the hydrogen either wholly or par- 
tially, as in other polybasic acids. Tlee formula for the acids, oa 
this view, have been given above. 

The now admitted existence of numerous polybasic acids, and 
the growing tendency to consider all bydrated acids as hydrogen 
acids, tend to induce us to prefer the latter view, which moreover 
h as the advantage of at least offering an explanation of the differ- 
ent neutralizing power of the tbree acids, which is referred to the 
amount of replaceable hydrogen they contain. Thus we have — 

Mmobatio Add. BOtoiio JeUL Tribuie Aeid. 

Acid. Salts. Add. Salts. Add. Salts. 

P Oe, H ; P Oe, M ; P O7, H« ; P O7, Mt ; P Os, Hs ; P Os, Ms , 



PO7 |h POt 

POt 



Ms 

H 
M 
Hi 



If we begin from the tribasic acid, and represent one of its salts, 
the common phosphate of soda, P Os, j Naa, as follows : 

(H, 

tw.. CiPOt + Na 
POs+ \„ ^ UPOs + Na 
<** <|P08+H 

We see that when this salt is ignited, 1 eq. of hydrogen is expelled, 
along with 1 eq. of oxygen, and the 2 eqs. of sodium now neu- 
tralize the whole of the remaining phosphorus and oxygen, which 
isfPOs — OssPOt, and the bibasic salt, P O7, I^&a results. 
If this be expressed by 

po,+N««j}?8;:|:Na 

We see that something has been added to the radical previously 
united with each eq. of sodium, without altering its neutralizing 
power. In like manner, if we represent microcosmic salt, P Os, 

(Na 

•< NH4, as follows: 

^H 
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POt + 



Ir-li 



POt + Nft 
PO1 + NH4 
POt+H 



We see that when it is ignited, the hydrogen and the ammonium 
are both expelled, each combined with 1 eq. of oxygen ; but as 
the rest of the phosphorus and oxygen formerly combined with 
them IF Aoi expelled, it enters into the composition of the radical 
still united witn the 1 eq. of sodium, but without affecting its neu- 
tralizing power. This radical, therefore, becomes | P 0« — Ot 
sspOe; and its salt with sodium is VOe, Na, the monobasic 
phosphate of soda. If, now, we turn to what was said above of 
the acids of sulphur, viewed as hydrogen acids, we shalf there see 
many analogous cases of the addition to the acid radical of differ- 
ent quantities of its elements, while the neutralizing power remuns 
unchanged. Thus, hydrated sulphurous acid, H + SOs, by the 
addition of 80a -^ 8s to its radical, becomes the acid of Fordos 
and Gelis, without change of neutralizing power. In the phos- 
phoric acids, the neutralizing power Taries, because the hydrogen 
Taries : but when they are represented, as has been done above, 
in such a way as to keep the hydrogen (or metal) the same in all« 
the analogy between them and the acias of sulphur, in regard to 
the non-dependence of the neutralizing power on the nature and 
proportions of the ingredients of the radical, becomes manifest. 

The above is the view which Liebig takes of the nature and 
formation of the three phosphoric acids. It must be admitted, 
that it has the advantac^e of simplicity ; that it explains, in a con- 
■iatent manner, all the known facts ; and that it is at present better 
supported, and rests on fewer assumptions, than any other theory 
of tne constitution either of these acids, or of acids m general 

PHOSFHORUS AND HTDBOOBN. 

Phosphuretted Hydrogen. P H s ss 84*4. 

This compound may be formed by the action of phosphurets of 
alcaline metals on water, or by the action of phosphorus on boiling 
alcaline solutions.* Thus, phosphide of calcium, thrown into 
water, disengages the gas in question ; and it is also produced in 
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' large quKoStf by appl jin^ heoA to a roixtare of )ime» water, and 
> frigmentB of phospbonu, m a retort nearir filled with tbe inixtare, 
or by boiling pbosphoms with an alcoholic solution of potash. 
The two former methods yield it in a form in which it is sponta- 
neously combustible on coming in contact with air or oxygen ; the 
latter m a form in which it requires the contact of flame in order 
-4o burn. The gas in both cases is essentially the same ; but in 
the former it contains a minute proportion of a compound, not yet 
isolated, which is spontaneously inflammable, and wnich, inflaming 
by contact of air, xindles the gas. This compound is supposed 
to be P Ha . When the spontaneously inflammable gas is long 
kept, it deposits a solid compound, P H, and is then no longer 
spontaneously combustible, rossibly 2 P Hs yield P H and P H». 

The gas, whether spontaneously inflammable or not, is colorless, 
and has a Tery offensive smell of putrid fish. When it bums, it 
produces anhydrous phosphoric acid and water, forming thick 
white vapors ; and when bubbles of the spontaneously inflamma- 
ble gas take fire in still air, they form beautiful circular wreaths 
of vapor, which ascend, gradually widening, till they are dissi- 
pated in the air. 

The addition of ether, oil of turpentine, and many other sah- 
stances, destroys the spontaneous inflanunability ; but this prop- 
erty may be restored by.adding to the gas a minute proportion of 
nitrous acid. — (Oraham,) 

Phosphuretted hydrogen is neither acid nor alcaline; but it 
aeems to have akahne tendencies, amoe it combines with hydriodic 
acid, forming a neutral crvstalitne compound, isomcnrphons with 
hydriodate of ammonia. It also combines with several metallic 
chlorides, forming compounds analogous to those produced by 
ammonia with the same chlorides. Rose, who has described these 
compounds, points out a considerable analogy between phosphur- 
ettea hydrogen and ammonia. 

It has already been mentioned, that when hypophosphorous and 
phosphorous acids are heated, they are resolved into phosphoric 
acid and phosphuretted hydrogen. This gas is consequently given 
off frequently toward the end of the evaporation of a solution of 
phosphorus in diluted nitric acid, which at first forms phosphorous 
acid, by the decomposition of which the gas is produced, causing 
a sudden combustion at the surface of the evaporating liquid. . 

Since the above aocoont was printed, M. P. Th^nard has pub- 
lished an elaborate memoir on phosphuretted hydrogen, from 
which it appears that there exist, — 1st, a fluid compound P Ha, 
or 6P Ha SB P« Hio; 2nd, a solid compound P4 H ; and Srd, the 
gas Pa Hs. The fluid is first formed, and is then spontaneously 
or very easily resolved into the other two. Thus : 

P«Hio»PaH + 8PHs. 
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The gas, P Hs, aeqoires its spcmtaneovs combiistibQity hj dis- 
solving some of the liquid P n or Pa Hio. In fact this uquui 
communicates the same property to other gases. 

PHOSPHORUS AND NITROGXK. 

Phosphide of Nitrogen. N P =: 45*52. 

This is a white insoluble powder, formed by the action of am- 
monia on sesquichloride of phasphorus. NHs+PaCUssSH 
CI + N Ps • It is infusible and fixed in the fire in close vessels. 

PHOSPHORUS AND CHLORINE. 

Phosphorus takes fire spontaneously in chlorine gas, forming 
two compounds. 

Terchloride of Phosphorus. P Cls = 137*81. 

When pl^osphorus is made to pass, in the form of vapor, through 
a tube filled with coarse powder of bichloride of mercury, Hg Cls, 
or when chlorine is slowly passed through a tube or retort con- 
taining phosphorus, a volatile colorless liquid is obtained, which is 
sesquichloride of phosphorus : 3 Hg CU + P = 8 Hg CIH- P CI3, 
Here protochloride of mercury is left, while the excess of chlorine 
combines with the phosphorus. The sesquichloride is a pungent 
fuming liquid, which, in contact with water, yields hydrochlorio 
and phosphorous acids. PCis+SHO^SHCl + PGs. 

b. Perchloride of Phosphorus. P CI5 = 308-75. 

This compound is best formed by passing a current of chlorine 
through the preceding to saturation. It is a white volatile solid, 
of a pungent smell. In contact with water, it yields hydrochloric 
and phosphoric acids .* P Ch + 6H = 5 H C1 + P 0« 

PHOSPHORUS AND BROMINE. PHOSPHORUS AND IODINE. 

With these elements phosphorus also unites with spontaneous 
combustion, and forms with each two compounds, analogous to 
those with clorine. They are volatile solids, yellow in the case of 
bromine ,* dark brown or nearly black in the case of iodine. They 
decompose water like the chloride, with the production of hydro- 
bromic and hydriodic acids on the one hand, and phosphorus or 
phosphoric acids on the other.* 

* M. Corenwinder has lately prepared several definite and crystalline com- 
pounds of iodine and phosphorus. He produces them by successively dis- 
solving the phosphorus and iodine in sulphide of carbon, and cooling the 
solutions. 

The Bimodide of Phosphorus (Pit) crystallizes In large orange-red prisms. 
Thoy fuse at 110<^, change in the air, and volatilize at a high temperature. 

The Teriodide of Pho9Jphom$ giyes large irregular crystals of a fine red 
color, consisting apparently of hexagonal plates ; which, when distilled, give 
a mass which by fasion yields prismatic crystals They fuse at 55^ C, and 
are decomposed by water, with evolution of hydriodic acid (H I). 
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When pbosphorus and sulphur are heated together under water 
thej combine, often with incandescence, forming several com- 

Sounds, which are exceedingly inflammable, and having a ten- 
encj to explode violently when heated, from some unknown 
cause, are very dangerous to experiment with. Berzelius has 
lately examined these compounds, and has described the following : 

Ist. Pj S. This compound occurs in two states, as a colorless 
liquid, and as a red powder. 

2nd. PS. A pale yellow liquid, also as an orange powder. 

3rd. P Sn. Yellow crystals. 

4th. PsSassPsS+PS- A scarlet powder, changed by dis- 
tillation into a liquid. 

6th. P Ss. A yellow fusible solid. 

6th. P S5 . A yellow chrystallizable solid. 

It is very remarkable, that several of these compounds occur in 
two distinct states ; and Berzelius conceives that this is owing to 
the circumstance that; like sulphur, phosphorus itself exists in two 
mechanically distinct states, and that the difference of the two 
states of the compounds depends on the one containing phosphorus 
in its ordinary condition, while in the other the phosphorus is in 
the allotropic state, as it is now called. 

In the above section, we have considered the atom of phosphorus 
to be 15*7, on which view most of the compounds of phosphorus 
must contain 2 atoms and 1 equivalent. Thus phosphoric acid is 
P2 O5 ; phosphorous acid, Ps Oa ; phoephuretted hydrogen, Ps 
Ha ; the chlorides of phosphorus, Ps CI3, and Pa Cls. But since 
that section was first printed, the Continental chemists have, for 
the most part, adopted the equivalent of hydrogen generally ad- 
mitted in this country, as well as the view, according to which 
atom and equivalent are synonymous, or at least convertible terms. 
It is on this account that they now admit our atomic weight of 
hydrc^en : and to be consistent we should apply the same rule to 
phosphorus, which, as we have seen, enters into combination 
nearly if not altogether uniformly, in the proportion of two atoms. 
In fact, we do admit the equivalent of phosphorus to be 31*4. 
Now it appears to me that we ouc^ht to call this, not only one 
equivalent, but also one atom. In wat case, phosphoric acid will 
be PO5.; phosphorous acid, POa; phosphuretted hydrogen, 
liquid P Ha, solid Pa H, and gaseous P Hs ; and the chlorides of 

phosphorus, P Ch, and P Cls. 

I - - — - — - - — — — - - — - 

- When two eqalvalents of phosphoms and five equivalents of iodine are 
employed, at first there are obtained crystals of P la, and then those of P It. 
M. Coreuwinder also, by using the sulphide of carbon as a solvent, obtained 
crystals of several other compounds, such as tho perchloride and sulphide of 
phosphorus. 8. 



The same change ought to ba adopted in ihe case of anenie, 
the atom of which, instead of 37*7, ought to be 75*4; and the 
formulae of arsenious and arsenic adds, instead of As^ Os , and 
Asa Os, will be As Os, and AsOs . 

It is possible that some other atomic weights will have to be 
doubled in the same way. Those of iron and chromium, however,' 
although these elements form compounds such as Fea O3, Fet OI3, 
Cra O3, Or 3 CI 3, ^c, &c,, do not require this change, because 
these metals also form compounds such as Fe 0, Fe CI, Fe S» 
CrO, Ac, <fec. 

11. Cabbok. Css6*04. 

This element ocours very abundantly m nature, generally com- 
bined. In the pure state, and crystallized, it constitutes the 
diamond. In a compact, amorphous condition, it occurs as plum- 
bago or graphite ; and in a much less pure form, as anthracite 
coal. It 18 an essential ingredient of all oiganixed tissues and 
products, animal and vegetable ; and it is also found in the mine* 
ral kbgdom as the chief component of pit coal and wood coal, 
which are evidently derived from vegetables ; and further as car* 
bnretted hydrogen gas, the fire-damp, and carbonic acid ^as, the 
choke-damp of coal min^, which are products of the decay of 
vegetable matter. 

Carbonic acid is abundant in volcanic districts and in mineral 
waters, and, combined with lime or magnesia, constitutes extensive 
rock formations. 

Carbonate of lime occurs, for example, as marble, limestone, 
and chalk ; and along with carbonate of magnesia, as dolomite* 
When crystallised, it forms calcareous spar. 

Carbonate of magnesia also forms rocks in some parts of the 
world* 

In smaller quantity, the carbonates of baryta, strontia, lead, and 
some other bases, are also found. 

Carbonic acid gas is always present in ihe atmosphere, of whtoh 
it forms about ^1/77 ^J weight. 

Carbon is artificially prepared by heating organic matter in 
elose vessels as long as any volatile substances are given off. 
These volatile bodies are compounds of carbon, hydrogen, nitrogen, 
and oxygen, in various proportions, and the residue is the excess of' 
oarbon, which is fixed in the fire, provided oxygen be excluded. 
Wood thus treated yidds common charcoal, which is carbon + 
the ashes or mineral elements of the wood. Coal yields coke, 
which is more dense in its structure. Animal matters yield ani- 
mal charcoal, which contains phosphates, and also nitrogen, prob- 
ablv as mellone, Ce Ni . The charcoal from bones is called bone 
or Ivory-black, and is of course loaded with phosphate of lime. 
When oils or resins, which are always rich in carbon, are bumod 
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with ft deficient mplj of aiygen» they jrield a great deal of soot, 
which is called lamp-Uack. When ignited m close veesels, 
to expel any traces of oil or volatile matters, it is almost puro 
carhon. 

The diamond, or orystalliaed carbon, ia the hardest body 
known. Its Sp. G. is 3*5. It is also quite infdsible, but is easily 
burned when heated in oxygen, and is converted into carbonic 
acid. It is remarkable for its transparency and high refractive 
and dispersive power ; it is a non-condnetor of electricity. In 
the other (allotropic ?) form of graphite anthracite or charcoal, 
carbon is opaque, Mack, combustible in air or oxygen, yielding 
carbonic acid, but is now a conduetor of electricity. Its Sp. G. 
is 2. In all its forms, carbon is devoid of taste or smell, insolu- 
ble, as such, in all menstrua (although it may be oxidised and 
dissolved as carbonic acid by strong nitric acid, or aqua regia, 
with the aid of heat), and altogether fixed in the fire in close 
vessels. 

In open vessels, carbon, when heated, takes fire, and, if pure, 
bums entirely away, being converted into carbonic acid gas. In- 
deed, the attraction of carbon for oxygen at a red-heat, exceeds 
that of almost all other bodies. It is to this property, and to the 
heat and light given out in its combustion, that are owing the 
uses of carbon, as the chief ingredient of all kinds of fuel, 
whether burned for heat or for Jight. 

CARBON AND OXIGXN. 

With oxyffen, carbon forms two well-marked gaseous com- 
pounds, which shall be here described. The same elements, in 
other proportions, constitute, according to the opinion which 
regards oxygen acids as hydrates, certam anhydrous acids, to be 
described under the head of organic chemistry. As these anhy- 
drous acids, however, are not known in the separate form, we may 
rather consider the acids in question (the oxalic, mellitic, croconic, 
and rhodizonic acids) as compounds of hydrogen. 

a. Carbonic Oxide. COs= 14053. 

This gas is formed either when carbon is burned with a limited 
supply of air, as when air is passed through a mass of red-hot 
charcoal ; or when carbonic acid is brought into contact with red- 
hot charcoal. In the latter case, the carbonic acid, CO2, is 
deoxidized, while the carbon is oxidized, C O2 + C » 2 C O. 

It is best obtained by heating in a retort 1 part of finely-pow- 
dered ferrocyanide of potassium (prussiate of potash) along with 
10 parts of oil of vitriol. The salt contains cyanide of potassium, 
K, Ca N, and cyanide of iron, Fe, Gs N. One or both of these 
salts acts on the sulphuric acid and water, yielding sulphate of 
potash (or of iron)« sulphate of ammonia, and carbonic oxide : 
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K, C2N + 2(H0, S03) + 2HO«(KO, 805) + (NH4 0. 
80>) + 2CO. The gas maj also be obtained by heating a mix- 
ture of a formiate, MO, Cs H Os, with an ezeess of oil of vitriol, 
MO, CaHOs + HO, 8 03= MO. 8O3 + 2H O + «00. 
When oialic acid, HO, Ca Os, or an oxalate, MO, O3 Os, is 
heated with an excess of oil of vitnoi, there is obtained a mixtore 
of carbonic oxide and carbonic add gases : M O, C9 O9 + H 0, 
S03=M0, SOs + HO+CO+OOs. By passing the mixed 
fi;ases through milk of lime or solution of potash, the carbonic acid 
IS arrested, and the carbonic oxide gas obtained pure. 

Carbonic oxide gas may be collected and kept over water. It 
is transparent and colorless, has neither taste nor smell, and when 
respirect is fatal to animal life. It takes fire when heated to red- 
ness in contact with air, as by the approach of a candle, and 
bums with a lambent, dear blue flame, combining with a second 
equivalent of oxygen, and yielding carbonic acid. Its 8p. G. is 
0*9722. The blue flame that is often seen to play on the surface of 
a large red-hot coal fire is owing to the formation of this gas ; the 
carbonic acid formed at the lower part of the fire being forced to 
pass through a thick mass of red-hot charcoal. The formation of 
this poisonous gas is also one cause of the danger of slowly burn- 
ing charcoal in chaufiers, in rooms where there is no chimney and 
little ventilation. 

Carbonic oxide is a compound radical ; that is, it acts like an 
element, combining with elements. Thus, it combines with chlor- 
ine, with oxygen, with metals. In this point of view it b a 
most interesting compound; but, like cyanogen, comes to b» 
treated of as a compound radical in the organic division of thi 
work. 

b. Carbonic Acid. C0ts=a3. 

87N. Fixed Air. — This gas occurs in a variety of circnmstancep 
which have been noticed above, in treating of carbon. In addi- 
tion to these, it may here be mentioned that it is formed during 
the respiration of animals, and that it is a chief product of the 
vinous or alcoholic fermentation. It is also formed in large quan- 
tity in all ordinary combustions, from the oxidation of tbe carboi 
in the fuel. 

It is best prepared artificially by the action of diluted hydro- 
chloric or sulphuric acid on marble or chalk, which, as already 
stated, is carbonate of lime, CaO, COs. Thus we have CaO 
O3 + H CI « Ca CI + H + O, . It may be collected 
with some loss, over water, which absorbs it to a considerablt 
extent. 

It is a transparent and colorless gas, with rather a pungent 
sub-acid smell, and a slight acidulous Uiste. Its Sp. G. is 1*527 * 
and it is so much heavier than air, that it may oe collected it 
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Teasels by dispkioeiiieni, as represented in the cut, especiall;!^ if it 
be wanted dry, after passhig tiirough a tabe filled witn chloride of 




oaldum. Lime-water is rendered turbid by this ffas,Hhe insoluble 
carbonate of lime being formed ; and by this character it is dis- 
tinguished from all other ^es. It extinguishes flame, and is 
most deleterious when inhaled. As it is apt, from its great dens- 
ity to acumulate in the lower part of wells, pits, or mines, where 
it escapes, it is often the cause of fatal accidents. No such place 
should be entered until a light has been introduced, and found to 
burn brightly : if it bums dimly, or is extinguished, the air will 
certainly destroy life if respired. 

Carbonic acid gas, by a pressure of 36 atmospheres, is liquefied. 
This is best accomplished by condensing the gas by means of a 
pump, into a strong copper vessel, such as is used for air-guns. 
The liquid carbonic acid, by its almost instantaneous evaporation, 
when allowed to escape through a jet, produces so much cold, as 
to freeze a part of the gas bto a white solid like snow. The solid 
carbonic acid evaporates slowly, but, if mixed with ether, more 
rapidly, so as to freeze mercury easily. The liquid acid expands 
by heat in a greater degree than even the gas does. 

Carbonic acid gas is absorbed by water, particularly under 
increased pressure, and gives to that liquid an acidulous taste, 
and the power of reddening litmus ; although, on exposure to the 
aiTi or on boiling, the gas is given off, and the blue color is 
restored. With we bases, it unites, forming salts, which are 
cidled carbonates ; but in the soluble carbonates the alcali is not 
neutralized, and many carbonates of the base, especially of am- 
monia, may be obtained, in all of which the properties of the 
alcali predominate. It would appear from this, tnat carbonic acid 
is not a true acid, although it combines with bases. We shall 
hereafter see that one or two other oxygen acids, which, like it, do 
not form hydrates, are, in like manner, destitute of the true char- 
acter of acids. 

The sparkling and effervescing properties of many kinds of 
wine, of beer» and of soda water, arc owing to the presence of 

20 
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oarbonic acid. The mineral waters, in whkh it oceiira froe, tarn 
known bj their ^ariding, and ar^.much used, 

CABBOK ANH HTDBOGEN. 

These two elements combine together in a vast number of pro- 
portions, and being both combustible, give rise to eompounds, aL 
of which are highly inflammable, and which resemble each other 
in chemical characters generally. They are often called carbo- 
hydrogens. At the ordinary temperature, some are solid, as 
paraffine and naphthaline ; many are liquid, as oils of turpentine 
and lemons, naphtha, <fec. ; and two are gaseous, namely, light 
carburetted hydrogen gas, and olefiant gas. All of these com- 
pounds are either vegetable products, or arise from the decay or 
the destructive distillation of organic matter. As, however, the 
two ffases, mixed in various proportions with air, constitute the 
fire-damp of coal mines, and consequently occur in the mineral 
kingdom, we shall describe them hero, leaving the remainder for 
organic chemistry. 

a. Light Carburetted Hydrogen. Ht =8*04. 

This gas forms the chief part of the combustible gases, which 
issuing from the seams in the coal, mixes with the air of the mines, 
and produces the explosive fire-damp. It is produced nearly pure, 
when vegetable matter decays under stagnant water. The bub- 
bles which rise are found to consist of this gas, with a little 
carbonic acid, which may be removed by solution of potash. The 
gas may also be formed artificially by heating an acetate, M 0, Ci 
Ha Os, with an excess of hydrate of baryta. We have then 

(MO+C4H«09,)+BaO,HO==MO,COt-f BaO,COi + 2CH«.) 

The gas is colorless and inflammable, burning with a yellowish 
flame, and forming carbonic acid and water with the oxygen of the 
air. C Ha + Oi = C Oa + 2 H 0. Its Sp. G. is 0-6666. When 
mixed with twice its volume of oxygen and set fire to, it explodes 
violenily. The same result follows, but with less violence, when 
it is mixed with 10 vols, of air, which contain 2 vols, oxygen* 
This is the nature of fire-damp. It is a mixture of this gas with 
air. If the air is less than 6 times, or more than 14 times the 
volume of the gas, explosion does not take place. 

To put an end to the frightful accidents formerly so common in 
coal-mines, Davy invented his safety-lamp, which is only a com- 
mon oil lamp, surrounded by wire gauze. Davy found that flame, 
which is incandescent gaseous matter, and intensely hot, could not 
pass through fine wire gauze, the gaseous matter being cooled by 
the contact with the metal, below the point at which it becomes 
luminous. Now, as it requires the heat of flame to fire the explo- 
sive mixture, it is evident that the flame of th^ lamp, not being 
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«Ue to fum tfarongfa the wire gause as flame, bat oixIt as gmeom 
matter aot mcaixlesceat, cannot fire the mixture which minuQiids 
it Since this beautiful contrivance was adopted, ezpiosiona nave 
become much more rare an coal-mines ; and there is good teason 
lo believe that such as have occurred have arisen from negiecc of 
the use of the safety-lamp, or from carelessness in using tamps, 
the gause of which has been so injured by blows, or odierwise, as 
to aUow the flasae to pass. 

When an explouon takes plaos, those who are not burnt or shat- 
tered, are generally suffocated by the carbonic add, which is the 
product of the explosion. 

b, Olefiant Gas, Ct Ht ^ 14*08 ; or, Ci Hi =28.16. 

This gas occurs in the gaseous mixture of coal-mines, mixed 
with the preceding. It is prepared by healing 1 part of stronff 
alcohol with 4 parts of oil pf vitriol. The mixture blackens and 
gives off the gas, which may be collected over water. It is ren- 
dered quite pure by passing it through oil of vitriol, which removes 
some of the vapor of ether which is generally present. 

Olefiant gas is transparent and colorless. When brought in 
contact with a flame in the air, it takes fire, and bums with a very 
luminous white flame. Mixed with its volume of chlorine, the two 

fases rapidly disappear, producing an ethereal or oily liquid, C4 
[4 OU : hence the name. But if mixed witli 2 vols, of chlorine, 
and set fire to, the mixture bums off with a red flame, and an 
immense quantity of smoke, which is carbon deposited in the solid 
form, the hydrogen uniting with the chlorine. C» Ha -f* Cla = 
2HCH-Ca. 

When a light is applied to a mixture of 1 vol. of olefiant gas, 
and 3 vols, of oxygen, or 15 vols, of air, a very violent explosion 
takes place, the products being carbonic acid and water. Ca Hs 
+ 0«=2HO+2COj. 

oabbon and nitrooxn. 
Cyanogen, Cc Nss Cy a::26'63. 

These elements in the nascent state, and in the presence of a 
base, combine to form a very remarkable compound, which, from 
being a chief ingredient in Prussian blue, has been called cyanogen. 
This compound is best obtained by heating a mixture of 6 parts 
of dried ferrocyanide of potassium, and 9 parts of bichlorioe of 
mercury in a flask, when cyanogen is given off in the form of a 
colorless gas, absorbed by wfUer, having a very pungent and 
peculiar smell. Cyanogen gas is combustible, and bums with a 
oeautiful purplish red flame. It is liquified by a pressure of 3 or 
4 atmospheres. 

Such are the leading external properties of this remarkable 
Qompound, which, in its chemical relations, however, acts most' 
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frequently the part of a simple acid ndical, entirely analoraia to 
cblorine, bromine, iodine, or fluorine, forming an acid with njdro- 
gesatf and neutral salts witJi metals. 

In fact, cyanogen is the tjrpe of the important class of oomponnd 
acid radicals, which characterise the chemistry of orffanio bodies, 
although, as we have seen, they also occur in moi^[amc chemistry. 
But as cyanogen is exclusively a product of oiganised compounds, 
or of the destruction of organic bodies, the detailed description of 
its chemical relations, and of its numerous ocnaponnds, belongs to 
or^Miic chemtBtry. 

The composition of cyanogen is Ca N ; but as it plays the pait 
of an elementary body, it is generally more convenient to employ 
lor it the symbol Cy. 

Carbon and nitrogen form another compound, O0 N4, which is 
also a compound radical, and is called mellone. Symbol, Me. 

CARBON AND OHLOBINB. 

Carbon does not directly unite with chlorine ; but when chlorine 
is made to act on certain organic compounds, which are decom- 
posed by it, the carbon being presented to it in the nascent state, 
combines with the chlorine. There are several chlorides of car- 
bon: 1. Dichloride of carbon, Ca, CI; a white solid fusible and 
combustible body. 2. Protoehloride of carbon, C CI ; a liquid, 
boiling at 160^. 3. Perchloride of carbon, Cs Ch ; a very fusible 
solid, boiling at 360^, combustible. None of these compounds 
have any practical interest. 

Little, u anything, is known of the compounds of iodine, bro- 
mine, and fluorine, with carbon. 

CARBON AND SULPHUR. 

Bisulphide of Carbon. C Ss =38-28. 

This compound is best formed bv filling with fragments of 
recently igmted charcoal a wide cast-iron tube, which is placed in 
a somewhat inclined position across a furnace. The lower end of 
the tube is connected with Liebig^s condensing apparatus, the wide 
glass tube of which is kept cold by iced water, and terminates in 
a two-necked bottle, also placed in ice-cold water ; a tube in the 
second tubulature of the bottle, allows the escape of gaseous mat- 
ter. The part of the iron tube containing the charcoal being now 
raised to a red-heat, a fragment of sulphur is introduced into the 
upper end, which is instantly closed. The sulphur melts, boils, 
and passes in vapor over the hot charcoal, which combines with it, 
jformmg bisulphide of carbon, which condenses in the bottle as a 
volatile liquid. A second fragment of sulphur is introduced very 
soon afiter the first ; and if the proportion of sulphur introduced at 
once, and the heat of the charcoal be fortunately observed, a large 
quantity of the new compound may soon be obtained. The gaaea 
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'dsengaged appear to be a gaseous sulpliide of barbon, chiefly 
formed when there is too Httle sulphur, and sulphuretted hydros;ea» 
arising from the presence of hydrogen or water in the charcoal. 

The bisulphide of carbon is purified by distillation in a very 
^ntle heat, and then forms a very transparent, mobile, colorless 
hquid, of 8p. G, 1*279, sinking therefore in water, which has a 
peculiarly offensive smell of putrid cabbage. It is very volatile, 
boiling at 108** ; and very combustible^ burning with a pale blue 
flame, and producing sulphurous and carbonic acids. It is insolu- 
ble in water, soluble in alcohol, ether, and oUs. It dissolves 
flolphnr and phosphorus readily ; and these solutions, by spontane- 
ous evaporation, yield fine crystals of those elements* It also 
■dissolves camphor, essential oils, and resins* 

Sulphide of carbon is occasionally used as an eztemal applica- 
tion in burns ; and it promises to be useful as a solvent for resins, 
many of which it dissolves readily, and thus forms varnishes, 
which, from its great volatility, dry very rapidly. 

13* BoBOH. B s 10-9. 

This element is found, in combination with oxygen, forming 
boracic acid in certain hot springs in the north of Italy ; and as 
borate of soda (borax), on the shores of some lakes in Thibet. 

From Boracic acid, ooron is with difficulty obtained by the action 
of potassium, aided by heat, which removes the oxygen. Or it 
may be prepared by the action of potassium on borofluoride of 

g)tassium, when boron is separated : KF, BFs + Ka s= 4KF-}- 
. The fluoride of potassium which is formed, is dissolved away 
by water, and the boron remains as a dark olive- colored powder. 
Boron is fixed in the fire, but if heated in oxygen gas, it bums 
brilliantly, being converted into boracic acid« 

BORON AND OX70SN. 

Boracic Acid. B Os ss 34*939 

When boron is heated in air it burns like tinder, or as above 
stated, if heated in oxygen, with a brilliant light, and yields this 
acid. It is obtained by evaporating the hot springs of Sasso, in 
Italy, in a somewhat impure state, under the name of Sassoline, or 
crude boracic acid. It is best prepared by dissolving borax in 
four parts of hot water, and adding to the hot solution one-third of 
the weifi^ht of the borax of oil of vitriol. Borax is a borate of 
soda ; the sulphuric acid takes the soda, forming a soluble salt, 
and the boracic acid is set free. Being very sparingly soluble in 
cold water, it it deposited on cooling, in scaly crystals, which are 
a crystalized hydrate of boracic acid: BOa+^HO. These 
crystals are purified by being dissolved in the sn^allest possible 
quantity of boiling water after they have been wash-id with a littk 



810 

told water. On oooUng, this nhitiGii depontM pore l ijd i ^fJ 
boraoic add. 

When the crystals are heated to SIS'", they lose half (he water 
they coDtain ; and this is probably water of crystalliaation. The 
residue is2B0s + dH0; so that the orisinid crystals may be 
represented asSBOa+SHO + Saq. When heated to redness, 
the acid melts, and, on cooling, forms a transparent brittle glass. 
It is quite fixed in the fire in dose vessels, if dry ; but it vmatil- 
ises readily with the rapor of water, so that a aolalaott of boradc 
acid cannot be evaporated without notable loes. It is in this way, 
along with steam, that it is brcN]§^t from great depths isto the 
springs in which it is foand. 

Boracic acid is sparin^y soluble in eold, readily in hot water. 
It is verjr soluble in alcohol, and its alcoholic solution bums with a 
flame mixed and tinffed with pale green ; a property characteristiB 
. of the compounds of boron. 

It is a feeble add, and reddens litmus slightly ; it celoia tmneiic 
brown, like alcali. With bases it forms salts, called borates, which 
are for the most part insoluble. The akaline borates alone are 
soluble. All the salts of this acid are very fusible, and promote 
the fusion of other bodies when mixed with them. Hence borax 
is much used as a blowpipe flux, which not only promotes fusi- 
bility, but at a red-heat dissolves sUidous compounds to a clear, 
fusible glass. 

No compounds are known of boion with hydrogen or nitrogen 

With chlorine boron combines when it is heated in the gas, or 
when chlorine is passed over a red-hot mixture of boracic acid and 
charcoal. The terchloride of boron, B CI3, k a gas at ordinary 
tehaperatares. It has a pungent add smell, and fonns thick vapon 
in the air. These are tae results of its action on the water of the 
atmosphere, whereby hydrochloric and boradc adds are fonned : 
BCl9, + 3HOsdHCI + B03. 



Nothing is known of the oompouada of boion with bromine and 
iodine. 

BOBOK AHD FLUOSINX. 

Terflaoride of Boron. BFsss66'M. 

Boron has a remarkable afl^ty for fluorine, and when flnor 
spar (fluoride of caldum) is heated to redness with boracic add, 
a gaseous compound is produced, analogous in composition and 

Eroperties to the terchloride of boron :3CaF + 4BOs=s3(GaO, 
;03) + BFs. The Sp. G. of the gas is 2-36. It instantlj 
aeiies on water, decomposing it, and thus, like the chloride, forma 
very thick vapors with the moisture of the air. It is, in hdi, a 
▼eiT delicate test of the presence of moisture in any gaa» 

When this gas is absorbed by water to satnralion, hydroAnorie 
addandbonacaddaiefomed: BFs + 3HO=s3HF + BOs. 
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'The bydrofluoric acid tmites with the boracic acid and 1 eq. <rf 
water, forming an acid, SHF + HO, BOs; and this, when acted 
x>n by bases, yields sidts, the formula of wiiicb is 3 M F + M 0, 
BO3. Benelius has shown that when terfluoride of boron is 
absorbed by concentrated hydrofluoric acid, another compound is 
foimed, ^he formula of which is H F -|- B Fa. It is an acid, the 
formula of its salts being M F -(- B Fs. All its salts, when heated, 
give off terfluoride of boron. 

Boron, when heated in the vapor of sulphur, bums and forms 
a sulphide of boron, which is a white solid decomposed by water, 
with which it yields sulphuretted hydr<^;en and borado acid. 

13. SiLicoH. Si = 22*18. 

This element is, with the exception probably of oxygen, the 
most abundant of all those which form the solid mass of our earth. 
It occurs, however, only in a state of combination with oxygen, 
as silicic acid or silica, which is the chief ingredient of all rocks, 
except limestone, rock salt, and coal, and also of all soils. 

Silicon is best obtained by heating potassium with silico-fluoride 
of potasnum, 3KF + 28iFs, whicn with 6 eqs. of potassium 
yields OKF + Si'* Water dissolves off the fluoride of pot- 
assium, and leaves the silicon as a dark brown powder, which 
contains some hydrogen, and is purified by exposure to a low red- 
heat ^licon is infusible, and after having been ignited in close 
vessels, it is so compact as not to bum when heated even in oxy- 
gen. It is not acted on by any acid except the hydrofluoric acid, 
which slowly dissolves it A mixture of hydrofluoric and nitric 
acids acts more strondy. When silicon is fused with nitrate or 
carbonate of potash, it is oxidised with a smart deflagration. It 
is heavier than oil of vitrioL 

amooN Ajm oxtobh. 

SiHcicAcid. Si Ot=: 46.219. 

SvK. Silictu — This acid is found pure in rock crystal, or in 
white quartz. Along with small and variable quantities of certain 
metallic oxides it forms man^ well known minerals, — as yellow 
or smoke rock crystal with oxide of iron ; a^te, jasper, heliotrope, 
camelian, with the same metal; amethyst with oxide of manganese; 
prase with oxide of nickel ; rose-quartz with some fugitive coloring 
matter ; opal and calcedony with water, drc, <kc. Many sands 
and sandstones are nearly pure silica, and quartz rock and flint 
are quite pure. 

Silicic acid may be obtained in a state of purity, from any sili- 
cious sand, by fusing it with three or four parts of carbonate of 
potash, dissolving the fused mass in water, adding* hydrochloric 
acid, which separates the silica as a jelly, which is a hydrate of 
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the acid, and eyaporatiog the whole to dryness. Water remoret 
from the dry mas3 all soluble chlorides, and leaves the silica^ 
which, when dried, is a snow-white powder, insoluble in water, 
and all acids except the hydrofluoric acid. It dissolves in causlM^ 
or even carbonated nlcalies, with the aid of heat 

Silicic acid combines with bases, forming silicates, all 9f which, 
except those containing an excess of the stronger alcalies, are 
insoluble in water. The greater number of nx£s and minerals 
consist of silicates, especi^ly those of alumina, lime, magnesia, 
oxide of iron, potash, and soda. The silicates of potash and soda, 
when heated to redness, form glass, which, when the acid predom- 
inates, is insoluble, and is the basis of all ordinary glass ; when the 
alcali is in excess, the glass is very soluble in water. Many silic- 
ates found in nature, as the zeolites, are soluble in strong acids ; 
but most of them lose their solubility on being ignited. Many, 
such as felspar, are not attacked by acids, even before ignition. 

Ko compounds are known of silicon with hydrogen or nitrogen. 

8ILICX)N WITH CHLORINE AND BROMINE. 

When silicon is heated in chlorine it bums and forms a com- 
pound, which is better prepared by passing chlorine over a red- 
not mixture of silicic acid and charcoal : 6i03-|-C3 + 01txs 
SiCl3+3CO. The compound, which is called terchloride of 
silicon, condenses in the cold part of the apparatus as a very vcdar 
tile, pungent, and colorless liquid, which decomposes water, formr 
ing hydrochloric and silicic acids : SiCU4-3H0=3s3H01-|- 
Si, O3. 

Bromide yields an anologous terbromide, SiBri, the properties 
of which are similar to those of the terchloride. 

Iodine is not known to combine with silicon. 

Silicon and Floorino. 6i F3 = 78*23. 

^licic acid is rapidly dissolved by hydrofluoric acid, and a gas 
is produced, which is found to be a terfluoride of silicon : Si O9 -|~ 
3UF = 3H0 = SiF3. This gas is best obtained by heating a 
mixture of powdered fluor spar and quartz with (h1 of vitriol: 
3 Ca F + Si O3 + 3 (H 0, S O3) = 3 (Ca 0, S O3) + 3 H + 
Si Fs. The gas must be collected over mercury. It is colurluss, 
^ming strongly in tlie air ; its Sp. G. 366. It is absorbed by 
water, and hydrated silicic acid is deposited, while an acid is 
found in the water, composed of 3HF + 2SiF3. With bases 
this acid forms salts, called silicofluorides, the formula of which is 
3 M F + 2 Si Fa. These salts are nearly all insoluble, and when 
heated give o^ terfluoride of silicon. 

The aqueous hydrofluosilicic acid is used in chemistry to sepa- 
rate potai>h, with which '* forms an insoluble salt, from certain 
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adds, such as chloric acid, by which means these acids are ob- 
tained in the free state. It is also used as a test> to distinguish 
between compounds of barium and of strontium, as it forms after 
a short time a crystalline deposit in the solutions of the former 
base only. 

Heated with sulphur, silicon combines with it, forming a white 
earthy compound, SiSs. It decomposes water, yielding sulphur- 
etted hydrogen and silicic acid:SiS3+3H0=53HS+&09 



METALS. 

Gekxral Observations on Metals. 

In the arrangement we have adopted, all the elements noi 
hitherto described are considered metals, although some of them 
especially arsenic and tellurium, are, in many points, very anal- 
ogous to the metalloids. The metals are forty-two in number, 
exclusive of the three lately announced by Mosander, the two 
announced by Rose, and one discovered by Klaus, which, if estab- 
lished, will raise the number to forty-eight. See the list of 
elements, page 26. 

A metal is defined to be a body possessing the peculiar appear* 
ance called the metallic lustre, (which is well illustrated in pol; 
ished silver or in mercury), and capable of conducting well both 
beat and electricity. All the metals possess this combination of 
characters, but in other physical characters they exhibit great 
variety. We shall notice the following : Specific Gravity, Hard« 
ness. Tenacity, Fusibility, and Volatilily. 

1. Specific Gravity. The density of metals varies from 0*86l 
(water being = 1) to 21 : the former being the Sp. G. of potas- 
sium, the latter that of platinum. Iridium is said to be still denser 
than platinum. 

2. Hardness. Some metals, as potassium, lead, Un, silver, ttc, 
are so soft as to be easily cut with a knife ; potassium and sodium 
may even be kneaded in the fingers. Others, such as iron, 
nickel, antimony, 4^c*, are much harder ; and a few, such as rho- 
dium and iridium, especially the latter, possess a very high 
degree of hardness. 

3. Tenacity. This property is present in very various degrees 
in metals. Some, as antimony, oismuth, cobalt, have so little 
tenacity that they are brittle and may be powdered : while others 
may be beat out into thin leaves, or drawn into fine wires. Those 
two forms of tenacity, malleability and ductility, are not always 
proportional to one another ; for iron, which can only be beat into 
plates of a very moderate thinness, being, of all the malleable 
metals, the least malleable, may be drawn out into very fine wires, 
and is among the most ductile of metals. Of the malleabta 
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metals, tbe Iblloinii^ we renarittUe : tend, tin, ecmer, pdladiiiBi, 
pbtinnm, tsAver, and gold. The last named metal maj be beat 
<mt into leaf so fine, that, althongh qnite entire and free from tv- 
ible pores, 67 sqnare inches of the finest gold-leaf will not weigk 
more than I grain. Zinc, which is rather brittle at ordinarj tem- 
peraUtres, admits of being rolled into thin plates at 300^ and 
400". The most ductile metals are lead, copper, pdladiam, iron, 
silrer, gold, and platinum. 1 grain of gold may be drawn out 
into a wire 650 feet long, and platinum is about 6 times more 
ductile, according to Wollaston. Iron wire, although not the 
finest, is stronger than wire of equal diameter of any other metaL 

4. Fusibility, One metal, mercury, is liquid at all tempera- 
tures above — 39° F., and below 660°. Some, such as potassium, 
sodium, dec, melt at a Yery moderate heat : others, such as lead, 
tin, (fee, at temperatures below red-heat; others at a strong red 
or white- heat, such as copper, silver, and gold. Some, as pla- 
tinnm, rhodium, ^c, require the beat of the oxygen and hydro- 
gen blowpipe to melt them ; and one, at least, uidium, appears 
to resist, when pure, even this intense heat 

6. Volatility. Some metals are very volatile compared wiA 
others. Mercury volatilizes veij slowly at all temperatures 
above 80° or 100° F., and below its boiling p<mit, at which tem- 
perature, 66f?, it is rapdly converted into vapor. At the other 
extreme is iridium, which is quite fixed, not even melting in the 
str<mgest white-heat yet known. The following metals are con* 
verted into vapor, or they boil, at temperatures vai3ring from a 
low to a bright red-heat: cadmium, xinc, arsenic, tellurium, 
potassium, and sodium. Most of the others are fixed, althongh 
some of them, in the flame of the oxy-hydrogen blowpipe, 
Appear to be volatilised in small quantity. 

The chemical relations of metals are very important ; and as 
there runs through the whole class a great analog in this respect, 
it is advisable to describe, generally, the chemical characters of 
metals ; by which means we are enabled to render the account of 
the individual metals more brie( and more easily remembered. 

Metals have powerful affinities, especially for the metalloids, 
with almost all of which they combine, and frequently in several 
proportions. In addition, therefore, to the important uses of the 
metals, as such, the useful api^ications of a large number of 
metallic compounds are of the highest interest and value. 

Almost all the metals have a powerful affinity for oxygen, and 
all of them may be made to combine with it. In like manner the 
metals have strong affinities for, and may easily be made to com- 
bine with chlorine, bromme, iodine, fluorine, (to which may be 
added cyanogen), as well as sulphur, selenium, and in many 
cases, phosphorous and carbon ; in a few, hydrogen and silicon. 
Metals also combine with each other. Owing to the extensive 
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range ot these affinities, metals are rarety found nnoombined, or 
native* as it is called, and the operations of metallurgy are chieflj 
such as are required to separate metals from the compounds in 
which they occur, which are called their ores. Oxygen in the 
atmosphere and in water, being far more abundant than the other 
metalloids, metals are chiefly found oxidized, and are therefore 
commonly extracted from the ores by processes of deoxidation, or 
reduction, as it is termed. 

HBTALS WITH OXTOSH. 

Metals differ in the degree of their attraction for oxygen. 
Some metals, such as potassium, rapidly combine with oxygen 
when exposed to the air, or when brought in contact with water 
or with any other oxidized compound. Others, such as iron, are 
very slowly oxidised by exposure to the air at ordmary tempera- 
tares, and hardly act on cold water ; but at a strong red-heat 
they bum in the air, and decompose the vapor of water, setting 
free hydrogen gas. Others again combine with oxygen when 
heated in air, but do not decompose water at all, such as copper. 
These, as well as the preceding, are in general easily oxidized by 
acids ; and their attraction for oxygen is such, that their oxides 
once formed, are not decomposed by a red-heat alone, without 
the help oi combustible matter. Finally, some metals, such as 
gold and silver, &c., have much less attraction for oxygen. They 
are not so easily or directly oxidized, and the oxides, once formed, 
are quite easily decomposed by a red-heat, being resolved into 
metal and oxygen. 

When metals combine with oxygen, they form three classes of 
oxides. 

1st Bases, or basic oxides, the most usual formula of which is 
M O ; such oxides are called protoxides. Besides protoxides, a 
pretty numerous class of basic oxides has the formula Ms Os : 
these are sesquioxides. A very few basic oxides have the formula 
MOt : these are binoxides or deutoxides. Potash, KO, is an 
example of a protoxide; sesquioxide of iron, Fes Oa, of a 
sesquioxide ; and deutoxide of tin, Sn Os, of a basic deutoxide. 

All basic oxides form neutral salts by combining with acids. 
In all such cases there is produced, besides the neutral salt, a 
quantity of water, the oxygen of which, according to the most 
probable view, is derived from the metallic oxide. Its hydrogen 
must therefore be derived from the acid, and in the case of the 
hydrogen acids with simple radical : this is admitted by all. For 
example, when potash, K 0, acts on hydrochloric acid, U CI, the 
change is universally admitted to be as follows : 

KO-t-HCl = HO + KCl. 
That is, the basic oxide, and the hydrogen aeid, give rise to water 
and to chloride of potassium, both neutral substances. Neither 
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have we nnj difHenltj in adopting the same view in the case of a 
hydrogen acid with a oomponnd radical ; for example, hydrocyame 
acid: 

KO + HCy = HO + KCy: or,KO + H, Ct N = HO + Z, Ct N. 

But when we bring potash in contact with oil of xitniA or 
strong sulphuric acids» most chemists are inclined to adopt a dif- 
ferent explanation of phenomena precisely analagous. They call 
the acid hydrated sulphuric acid, HO, SO3, and express the 
action as follows : 

K0 + HO,S0s = H0 + K0,S0s. 

Here, it will be observed, the results are quite similar to those 
in the preceding cases; namely, the separation of water, and of a 
neutral salt, in this case sulphate of potash. And yet we adopt a 
different explanation, at least on the older view of acids and salts, 
supposing tne water to pre-exist in the acid, and to be replaced by 
the oxide. As it is, however, quite unphilosophical to employ 
two explanations of analogous facts if one will suffice, we are thus 
induced to prefer the newer view of acids and salts formerly 
alluded to, which admits of our giving the same explanation of the 
two cases. According to this view, then, we consider oil of vitriol 
a hydrogen acid, H, S O4, and express the change thus : 

K0-fH,S04=H0 + K,S04. 

On comparing this with the equation above given for the action 
of potash on hydrocyanic acid in its second form, it will be seen 
that the analogy is perfect. Both acids and both salts contain a 
compound acid radical, in the one case Ca N, in the other SO4 ; 
and both differ from die acid and salt of chlorine, in the fact of 
their radicals being compound, or rather knovm to be compound : 
for chlorine may very possibly be itself a compound radical, 
although at present we must view it as simple, because it is 
undecomposed. 

The action of a basic sesquioxide, and of a basic deutoxide, 
on an acid, say sulphhuric, b represented as follows, on both the 
different theories of acids : 

M« Os + 3 (H O, S O3) = 3 H O + Me Os, 3 S Of ; or, 
Ml Os + 3 (H, S O4) = 3 H O + Me, 3 S O4. 

MO» + 2(HO,SOs} = 3H04-M02,2S08; or, 
MOf + a(H, S04)=aH0 + M,2S04. 

Here we see that, for every equivalent of oxy^n in the base, 
an equivalent of acid is required to form a neutral salt ; and that, 
on the new view, the resulting neutral salts are compounds corres- 
ponding to the basic oxides from which they are formed. Thus 
we have. 
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H 4- O . . M -4- S O4, or in general terms, M + R 
M» + Os .M«4-3S04, « « Mi + Ra 

M +0« .M +2SO4, " « M +R» 

Sacb are tbe most important chemical relations of the basic 
oxides, which inclade, among the protoxides, the strongest alcalies 
and alcaline earths. 

2nd. Neutral or indifferent metallic oxides. These appear, by 
combining with an additional quantity of oxygen, to have lost the 
basic, without acquiring the acid character. They commonly 
enter into few combinations of any kind. Their composition 
Taries, beinff sometimes Ms O4, and sometimes MOs. Bed 
oxide of lead, Pbs O4, is an example of the former ; hyperoxide 
of mang^ese, MnOa, of the latter. When heated with acids, 
oxygen is given off, while a basic oxide is formed, and acts on the 
acid as above, forming a neutral salt. Thus, peroxide of man- 
ganese, heated with oil of vitriol, gives, 

Mn 0« + H O, S 0« = Mn O, S *0s H- H 0+ O ; or, 
MnOi + H,S04=Mn, SO4+HO + O. 

3rd. Metallic acids. These are pretty numerous. When the 
same metal forms a basic oxide and an acid, the latter always con- 
tuns more oxygen. There are several different formula among 
metallic acids. They are sometimes sesquioxides, as As2 O3, 
arsenious acid ; sometimes deutoxides, as titanic acid, H O2; very 
often teroxides, as chromic acid, Cr03; occasionally } oxides, as 
arsenic acid, Ass O5 ; and in one case a quadroxide, as osmic acid, 
Os04. 

Metallic acids, when heated, generally lose oxygen, and are 
reduced to the basic oxide ; this takes place especially if they are 
heated with acids. Thus, manganic acid, MnOa, heated with 
sulphuric acid, yields oxygen gas and neutral sulphate of the 
protoxide : 

Mn 0» + H O, S 0» = Mn O, S 0« + H + 0« ; or, 
MnO« + H, S04=Md, SO4+HO + O1. 

When we wish to form metallic acids, we commonly heat or 
deflagrate the metal, or its lower oxides, alonff with an alcaline 
nitrate or chlorate, in which case the acid that is formed remains 
in combination with the alcali. Or chlorine gas is passed through 
water in which the oxide, in fine powder, is suspended ; sometimes 
alonff with an alcali, sometimes alone. 

When our object is to deprive metals of the oxygen with which 
they are combined, or to reduce them, as it is called, to the 
metallic state, different methods are followed, accordbg to the 
attraction of Uie metal for the oxygen. 

1. The oxides of the noble metals, such as mercury, silver, 
gold, platinum, &c,, are reduced by a red-heat alone. 
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2. The oxides of a lar^ number of metals, such as eopper, 
iroD, tin, barium, or potassium, can only be reduced by the united 
action of heat and combustible matter, such as carbon, hydrogen, 
Ac. The change is as follows : MO + CarM + CO; or, MO 
+ H = M + H 0. In the former case carbonic oxide gas, in the 
latter water, is produced, and being expelled by the heat, leaves 
the metal pure. The use of carbon for reduction is the foundation 
of all the metallurgic processes on the large scale. As the ores, 
however, are not pure, substances called fluxes are added to cause 
the impurities to melt, forming a fluid glass, below which the 
melted metal is found. 

Perhaps the most powerful reducing or deoxidizing compoimds 
at a red-heat are the formiates, and cyanide of potassium. The 
formula of a formiate is M O, C2 H Oa = M + H 0, 2 C O : so 
that it yields at a red-heat carbonic oxide gas, a body having 
much attraction for oxygen. Cyanide of potassium is E Oy =s K, 
C2 N ; and, as liebig has pointed out, it combines the very pow- 
erful deoxidizing agency of carbon and of potassium. Its reducing 
power is very great. 

3. The oxides of the metals of some of the alcalies and earths, 
whose attraction for oxygen is very strong, and which are wtih 
difficulty reduced in any other way, are decomposed by a power- 
ful galvanic battery so as to yield the metals. This is only done 
on a very small scale. 

4. Many oxides in solution are reduced to the metallic state by 
other metals having a stronger attraction for oxygen, which take 
the place of the metal previously in solution. Thus copper pre- 
cipitates silver, and iron precipitates copper. 

5. Many oxides in solution, that is, combined with acids, are 
reduced to the metallic state by what are called deoxidizing agents. 
Thus the noble metals, such as ffold, platinum, ice, are reduced 
by sulphurous, phosphorous, and hypophosphorous acids and their 
salts ; by oxalic and formic acids and their salts : gold is even 
reduced by hydrogen ffas and by solutions of protosalts of iron, 
such as green vitriol. In all these cases the reducing or deoxi- 
dizing agent is oxidized ; phosphorus acid, for example, yielding 
phosphoric, and protoxide of iron passing into peroxide, at the 
expense of the metallic oxide. 

The electrotype, in which copper, silver, gold, or platinum, are 
reduced to the metallic state in such a way as to form coherent 
masses similar to the hammered metals, and by which the most 
beautiful and perfect copies of medals may be taken, is a process 
depending partly on the reducing agency of the galvanic battery, 

Eartly on that of hydrogen gas, which, instead of escaping uncom* 
ined at the negative jpole, is then oxidized at the expense of the 
metallic oxide. In this process, which is minutely described in 
works devoted to the subject^ it is essential thai the electric oorrenl 
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diDfdd be slow aad imifonn, otiienrise the metal is deposRed 
in different states. Plating and gilding by this process nare a 
beautiful appearance, and are perfectly adapted for objects not 
subjected to much wear or friction. 

VSTALS WITH BTDROOEH. 

Only a few metals unite with hydrogen, and these form gaseous 
and combustible compounds not yet knoivn in a pure state, but 
only in a state of mixture with hydrogen ^as. The following 
metals only are as yet known to combine with hydrogen : Bine, 
potassium, arsenic, antimony, and tellurium. 

ICWALS WITH mTBOOKN. 

Until lately metals were not known to combine with this ele- 
ment : but we are now acquainted with compounds of nitrogen 
with copper, chromium, and mercury. These compounds are 
black or dark brown powders, which may be obtained by passing 
diy ammoniacal gas over the oxides of the metals, gently heated, 
water being at the same time produced and nitrogen gas liberated. 
Thus, when oxide of copper is acted on by ammonia, we have 
6CuO + 2NH3«6HO + NCu«+K Like the compounds 
of nitrogen with chlorine and iodine, these compounds are easily 
made to explode, their elements separating with violence, and with 
a flash of light, by a gentle heat or friction, or percussion. It ia 
possible, or indeed probable, that fulminating gold and silver, pre- 
pared by the action of ammonia on the oxides of these metals, and 
the explosive tendencies of which render them so very dangerous, 
are in reality the compounds of metals with nitrogen. These must 
be distinguished from the other fulminating silver, which, like fid- 
minating mercury, is a compound of oxide of the metal with 
liilminic acid. 

MSTAL8 AKD CHLORINE. 

The attraction or affinity between chlorine and metals is very 
strong. Many metals, such as potassium, copper, gold, antimony, 
&c*, oombiae instantaneously with chlorine witnout the aid of heat, 
but with the phenomena of oombustioiu Others, such as mer- 
cury, dsc, burn in chlorine only when they are heated in the gas 
By combining with chlorine, metals give rise to chlorides, whic^ 
may be often more advantageously formed by other means tha» 
by direct combination with ue.gas. Other methods of obtaininj^ 
chlorides are the following : 

1 . Chlorine gas is passed over the oxide or sulphide of the metal 
heated to redness. In many cases the affinity of chlorine prevails, 
and the oxygen or sulphur is expelled : M + 01 » M 01 -f O. 

2. Hydrochloric acia gBB is passed over the oxide or the sulphide 
heated to low redness. Here the affinity of hydrogen for oxygen 
or sulphur, added to thai of chhmne for the metal, effects decom 
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porition, which chlorine alone could not accompfiah: MO+HCl « 
-MCl + HO: MS+HC1 = MC1 + H& 

3. To the solution of an oxide, in water or in acids, hjdroehknie 
acid or a soluble chloride is added. If the metal forms an insolabk 
chloride, that is at once precipitated, showing thiU the change 
mnst be, as in the case of the dry gas, MO + HCl=:MCi + HO. 
If the metal, as in the case of potassium, forms a soluble chloride, 
then the addition of hydrochloric acid causes no visible change ; 
but on evaporation, crystals are deposited, which are generaJly 
found to be of a chloride, and free from ozycen or hydrogen. 
Thus, potash, KO, with hydrochloric acid, HCl, undeigoes, in 
solution, no change of appearance at first; but on evaporation 
yields cubical crystals, which are found to be K CI. 

4. Some metals, as gold and platinum, are converted into chlo- 
rides by dissolving them in aqua regia, or nitro-muriatic acid, and 
evaporating gently to dryness with an excess of hydrochloric acid. 
The dry residue is pure chloride. 

When metals are combined with chlorine they may be reduced 
to the metallic state by various means. 

1. Some chlorides are reduced by heat alone, which expels the 
chlorine. This is the case with almost all the chlorides of the 
noble metals. 

2. Other chlorides are reduced by the action of another metal. 
Thus, chloride of platinum or chloride of silver is reduced by 
means of zinc. 

3. Many chlorides are reduced by hydrogen gas at a red-heat, 
but not by charcoal, as oxides are. 

4. The chlorides of the noble metals are reduced by boiling 
their solutions with a formiate ; those of gold and platinum also 
by the protosulphate of iron. Chlorides may also be reduced by 
fusion with formiates or with cyanide of potassium. 

What has been said of the relation of metals to chlorine applies 
almost exactly to their relations with bromine, iodine, fluorine, and 
cyanogen, which in its combination with metals plays the part of 
a salt radical, entirely analogous to chlorine. 

The chlorides, bromides, iodides, and cyanides of metals are 
true salts, for the most part neutral salts. Indeed, sea-salt, the 
type of all salts, is chloride of sodium, NaCl. None of these 
compounds possess decided acid or basic characters ; but the chlo- 
rides, <fec., are capable of combining together and forming double 
chlorides, ifec, which have been compared by Bonsdorff to oxycren 
salts. Thus viewing, as he did, chromate of potash, K O, Os, 
as an oxygen salt, he viewed the following compound, K 01, Hg 
Ola, as a chlorine salt. The former contams, according to him, 
an oxygen acid, Or Os , and an oxygen base, K ; the latter, a 
chlorine acid (bichloride of mercury), HgGl«, and a ehloiine 
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base, K 01» (chloride of potassium). But it is to be observed that 
neither K CI nor Hg Cli have basic or acid properties ; they are^ 
on the contrary, neutral salts, and, according to the more probable 
views now bes^inning to prevail as to the true nature of salts, 
which are considered compounds of metals with salt radicals, the 
compound K CI + Hg Cla is viewed as a double salt. The same 
view applies to a large number of analogous double chlorides, 
bromides, iodides, fluorides, and cyanides. 

MBTALS WITH SULPHUR. 

All the metals are capable of combining with sulphur, and many 
metallic sulphides are found native : those of iron, copper, lead, 
antimony, zinc, and bismuth in abundance: those oi mercury, 
silver, cadmium, and some others, more sparingly. 

Most metals when heated along with sulphur combine with it ; 
but in many cases sulphides are obtained by the action of sulphur 
compounds on the oxides, or by the deoxidation of sulphates. 

1. When an oxide is exposed to the action of sulphuretted 
hydrogen gas, aided by heat, water and a sulphide are formed, 
M0 + HS=:H04*MS. The same change takes place when a 
solution of sulphuretted hydrogen or a current of the gas is 
made to act on solutions of oxides in acids. The sulphides of the 
following metals may be thus obtained, being all insoluble in water: 

Gboup I. Metals, the oxides of which, in acid solutions, are 
precipitated as sulphides by sulphuretted hydrogen. 

Metalf . Color of PrecipiUte. 

Cadmium Orange. 

Lead . Black. 

Bismuth Black. 

Copper Black. 

Silver Black. 

Mercury Black. 

Palladium Black. 

Rhodium Black. 

Osmium Black. 

Telhirinm Yellow. 

The other metals are not precipitated by sulphuretted hydrogen, 
but the following yield sulphides when their oxides in solution are 
acted on by hydrosulphide of ammonia (sulphide of ammonium), 
or by a soluble metallic sulphide : 

Group II. Metals, the oxides of which are precipitated as sul- 
pliides by soluble sulphides, although not by sulphuretted hydrogen* 



Metals. Color of Precipitate. 

Platinum . . . Black. 
Iridium .... Black. 

Gold Black. 

Tin, protoxide • Brown. 
Tin, peroxide . Yellow. 
Antimony . . . Reddish-oranffe* 
Molybdenum*. . Brown or Red. 
Tungsten . , . Brown. 
Vanadium . . . Dark brown. 
Arsenic .... Orange-yellow. 



Metals. Color of Precipifate. 

Manganese . . . Flesh color. 

Iron Black. 

Zinc White. 



Metals. Color of PrecipiUte. 

Cobalt Black. 

Nickel Black.* 



* Alumina is precipitated white by soluble sulphidee, but the precipitate it 
B0t Sttlpiiide of Uie metal, but only hydrated oxide. 

21 
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. The remaining metals, those of the alcalies and earths, form * 
third group, the sulphides of which being soluble do not appear aa 
precipitate, 

2. When a sulphate of a metallic oxide, M 0, S Os, or M, S04» 
is acted on by hydrogen or carbon at a strong red-heat, it is 
entirely deoxidized, and the sulphide of the metal is left. Thus, 
if sulphate of baryta, K 0, S Oa, or K, S O4, be mixed with aboul 
one-sixth of its weight of charcoal, and exposed for two hours to 
a bright red-heat in a vessel closed, except where a small aperture 
b left for the escape of gaseous matter, carbonic oxide is given off 
and sulphide of barium is left : Ba 0, S Os + C4 := 4 C O + Ba a 

The sulphides of each ndetal are commonly equal in number and 
analogous in composition to its oxides. Metallic sulphides unite 
together, as oxides do, and produce double sulphides or sulphur 
wts, which are closely analogous to oxygen salttt 

Thus we have, 

Oxygen SaJtt. Sidpkur SaU$, 

OxjPfcn Aeid^ Ox^gsn Bmw. Sulphur A«»l«. Sulphur BaML 

With Molybdenum MoOt+ KO M0S9+ KS 
With Arsenic . . As O9 -f KO AsSt-f KS 
AsOi + ^KO AsSf-f 3KS. 

Of course, if we view the oxygen salt, As 0< , 3 K O, for 
example, as a compound of a metal with a salt-radical. As Ot , Ks , 
the corresponding sulphur salt. As Ss* 3KS, becontes As St, 
Kt. The analogy between the compounds of sulphur with metaJs, 
and those of oxygen with the same bodies, has been shown by 
Berzelius to be very complete. 

With selenium and tellurium metals form- compounds t^ 
analogous to the sulphides. 

With phosphorus some metals combine and yield compounds 
called phosphides, few of which are known. * The alcaline phos- 
phides, as those of barium and calcium, yield' by the action of 
water phosphuretted hydrogen gas, which takes fire spon^imeouslv. 

Metals combine in several cases with carbon, forming compounos 
which are called carbides. They are generally brittle solias, and 
the only useful carbides are those of iron, which are two valuable 
<k>mpounds, steel and cast iron. 

As all the compounds of metals with chlorine, bromine, iodine, 
fluorine, sulphur, and selenium, contun along with the metal a 
radical which forms an acid by combining with hydrogen, while 
the metal generally forms a base with oxygen, the questicm arises 
what takes place when such metallic compounds are dissolved in 
water? Does the metal seize the oxyeen, and. the radical the 
hydrogen of an equivajent of water, ana do the acid and base thus 
produced combine together ? 

In the case of an insoluble chloride, such as that of silver, 
we know that the hydrochloric acid does not combine with the 
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wde wlMa both are mixed in Bolution, for the precipitate ia foum 
to be Ag Gl. Here the oxygen of the base and the hydrogen 
of the acid must have formed water : AgO + HClasH04- 
Ag CL 

But when hydrochloric acidy H Gl, is mixed with potash, K O, 
or, what eoiy^es to the same thing^, when chloride of potassium, 
K 01, is dissolved in water, what is the compound present in the 
liquid? Is it K CI simjply dissolved as such? or, is it a salt, K O 
4- H 01 ? We know that the liquid, if evaporated, yields crystals 
of K 01, but it is possible that this compoond may be formed by 
the force of cohesion when it ^lystalliaes, and may raot be pre* 
viously present 

The general opinion of chemists is, that in most cases soluble 
chlorides, sulphides, dkc, dissolve as such in water ; but that 
in some cases the hydrogen acid does appear to combine with the 
oxide. 

If K 01, in dissolving, decomposes water, and forms E O + H 
01, then we must admit that in the act of crystallising, when K 01 
separates, water is a^n recomposed. These continual decompo- 
^Uons and recompositions of water, without any visible change of 
proj>ierties, are so improbable that in most oases we cannot admit 
their occurrence. 

But there are oases in which the solution of a chloride, Asc^ is 
attended with a change of properties. Thus, chloride of magne^ 
slum and chloride of aluminum, when dissolved in water, cannot 
again be obtained in the anhydrous form. On evaporation oxide 
of magnesium or of aluminum are left, while h vdrochloric acid 
escapes. Again, dry sesquichloride of chromium is peach -colored^ 
but Its solution is deep green, the color of all solutions containing 
sesquioxide of chromium ; dry chloride of cobalt is blue, and its 
solution is pink; like M solutions containing oxide of cobalt. 

In these and a few more similar cases, we can hardly doubt 
that water is decomposed when a chloride, d^c, is dissolved ; but 
in the great majority of cases we have no evidence of this ; and 
therefore, it may be laid down as a general rule that chlorides and 
analogous compounds dissolve as such in water, and that hydro- 
gen acids mutually decompose metallic oxides, yielding vrater and 
compounds of the metal with the radical of the hydrogen acid. 
To this rule there are some exceptions ; some chlorides, <fec., in 
dissolving, decompose water, producing a hydrogen acid and an 
oxide ; and hydrogen acids are capable of combining with some 
Oxides without mutual decomposition, the compounds, however, 
not being very stable. 

HSTALS WITH lfXTAI.8. 

Metals are capable of combining together, and forming com- 
pounds which retain the metallic character, and many of which 
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wp bghlj usefiiV. They are called alloys, except where mercury 
is one of the metals, when they receive the name of amalgams. 
Thus, brass is an alloy of copper and zinc ; pewter an alloy of lead 
and tin ; German silver an alloy of copper, zinc, and nickel. The 
metal used for silvering the backs of mirrors is an amalgam of tin 
and lead ; that is, it contains mercury with these metals. The 
alloys ^ill be briefly described hereafter. 

The progress of modem chemistry has added largely to the 
number of the elementary metals. Before the middle of last cen- 
tury the metals known were only such as had long been used in 
the arts or in medicine, and did not exceed twelve in number 
From that period many new metals were gradually discovered in 
the mineral kingdom ; and, in 1807, Davy's discovery of the 
metals of the alcalies at once added a numerous class of metals to 
the list. WoUaston and Smithson Tennant had previously, in 1 80S, 
discovered the four remarkable metals associated with platinum in 
its ores. The whole number of ascertained metals is now forty- 
two ; and within the last year or two, Mosander has announced the 
discovery of three new metals, accompanying cerium and yttrium, 
Bose that of two, associated with columbium, and Klaus that of 
one more in the ore of platinum. These, if established, will raise 
the number to forty-eight. 

In considering the metals individually, we shall arrange them 
in groups or classes, according to their affinities for oxygen and to 
their chemical relations. 

Class I. includes twelve metals, subdivided into three well- 
marked orders. 

Order 1. Metals of the alcalies proper, namely, 

Potassium. Sodium. Lithium. 

These metals have so strong an affinity for oxygen that they aire 
rapidly oxidised by exposure to the air, and decompose water with 
violence, disengsging hydrogen gas, which generally takes fire« 
Their oxides are powerful bases or alcalies, very soluble in wat^ 
and very caustic. 

Order 2. Metals of the alcaline earths, namely, 

Barium. Strontium. Calcium. Magnesium. 

These metals have also a very strong affinity for oxygen, and, 
except magnesium, they decompose water at ordinary temperatures, 
but without flame. Their oxides are powerful bases, but less 
soluble and caustic than the alcalies ; indeed, oxide of msgnesium 
is insoluble. As they are thus intermediate between the alcalies 
and the earths proper, they are called alcaline earths. 

Order 3. Metals of the earths proper, namely. 

Aluminum. Glucinum. Yttrium. 

Thorium. Zirconium. 
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These metals do not decompose water at ordinary temperatnrea, 
but bum in air when heated, forming oxides/ which are less pow- 
erful bases than the preceding ; and being quite insoluble in water 
and earthy in aspect, they are called the earths. 

Class II. includes thirty metals ; which are also subdivided into 
three orders. All these metals combine with oxygen, and in gen- 
eral their protoxides are insoluble and of an earthy aspect, but 
colored, and have basic characters, in many cases yer^ powerful. 
A considerable number of these metals form acids with a larger 
proportion of oxygen. This class contains all the heavy metals, 
and all those which, from their malleability, ductility, &c., have 
long been used by mankind. 

OrdtT 1. Metals, the protoxides of which are powerful bases, 
but which do not decompose water unless with the aid of a red- 
heat: namely, 

Manganese. Tin. Cobalt 

Zinc. Cadmium. Nickel. 

Iron. 

Ordtr 2. Metals which do not decompose water at any tem- 
perature ; but the oxides of which, once formed, cannot be reduced 
oy heat alone : namely, 

Arsenic. Columbium. Bismuth. 

Chromium. Antimony. Titanium. 

Vanadium. Uranium. Tellurium. 

Molybdenum* Cerium ? Copper. 

Tungsten. Lantanium \ Lead. 

It is doubtful whether cerium and lantanium do not belong to 
the preceding order, to which also belong, in all probability, \ki^ 
three new metals of Mosander — Didymium, Erbium, and Terbium. 

Order 3. Metals, the affinity of which for oxygen is so feeble 
that thdr oxides are reduced by a red-heat : namely. 

Mercury. Platinum. Osmium. 

Silver. Palladium. Iridium. 

Gold. Rhodium. Ruthenium ? 

Owing to the comparatively feeble affinity for oxygen of these 
metals, they have no tendency to rust when exposed to the air, as 
iron does, for example, from its strong attraction for oxygen 
Hence they retain the brilliant lustre of their polished surface, and 
do not wear by exposure to the air. They are therefore often 
called the noble or precious metals. 

We now proceed to the description of the separate metals, which 
may be made very brief in consequence of our having so minutely 
described the general chemical cnaracters of metallic bodies, the 
analogy among which is so great that the description of one is 
applicable, with but little change, to the others. 
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OaDSB 1. MSTALS OF TBS AlOALIEB PbOFSB. 

14. Potassium. K = 39*15. 

Stu. Kalium, — This metal occurs chiefly in the ashes of land- 
plants as oxide of potash united to carbonic acid ; it is also found 
as chloride in the ashes of sea-plants. Many abundant rocks, such 
as felspar (iriih all its derivatiTes, such as clays), and mica, 
besides many simple minerals, contain potash in considerable 
quantity. It is contained also in most fertile soils, being necessary 
to the growth of plants, in the form of potash. Potassium was 
discovered in 1807, by Davy, who obtained it by the action of a 
powerful galvanic battery on hydrate of potash, K 0, HO. At 
the negative pole oxygen was given off, and at the positive pole 
appeared hydrogen* derived from the water of the hydrate, along 
with the globules of a metal resembling mercury, which took fire 
in the air and burnt, reproducing potash. This expensive and 
troublesome method has Icmg been abandoned, and potassium is 
now prepared by the action of charcoal at a white heat, on car- 
bonate of potash, K 0, Ofl . 

A mixture of carbonate of potash with finely divided charcoal 
is first prepared by igniting cream of tartar in a covered crucible, 
which leaves such a mixture, well known as the black flux. This, 
while still warm^ is mixed vrith a considerable proportion of char- 
coal in coarse powder and small fragments recently ignited, and 
allowed to cool in a covered crucible. The whole is now intro- 
'duced into one of the hammered iron bottles used for hcdditfg 
mercury, coated outside with a mixture of sand and clay. The 
'bottle is placed horizontally in a wind furnace, and a short wide 
tube of iron is fitted to it, to which tube is attached a copper 
receiver, partly filled with ^ood naphtha, and having a diaphragm 
of copper, and on the further .side of the receiver an aperture for 
the escape of gas, opposite the tube of the bottle : so that, if neces- 
sary, a strong steel rod may be introduced through this aperture 
and another in the upper part of the diaphragm into the tube, for 
the purpose of cleaning it out as it is apt to become choked. The 
receiver with the napththa beinff surrounded with ice, a steady 
and uniform strong red or white^ieat (by means of dry wood, the 
flame of which plays all round the bottle,) is applied to the bottle, 
and after a time potassium, which is known by the appearance of 
its pink flame at the mouth of the tube, distils over, accompanied 
with carbonic oxide gas, and with a gray powder, which is the 
cause of the occasional choking of the tube. The potassium drops 
into the naphtha, which protects it from the action of the ur. To 
purify it entirely, it is re-distilled in a small iron retort along with 
a little naphtha into a receiver containing that Uquid. 
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' in ihit process tbe carbon deprives ihe oxide of potaasinm and 
the carboaio acid of their oxygen, forming carbonic oxide gas : 
K 0, C 0» + C» r=s K + 3 O. Were this all, we should hare no 
other product but potassium and carbonic oxide. Unfortunately^ 
however, carbonic oxide at a red -heat enters into combination 
with potassium, forming tbe fi^ay powder above mentioned ; the 
composition of which is 7 C + Ks = Ct O7, Ks. If, therefore, 
we consider the products obtcdned from 4 eqs. of carbonate of pot- 
ash,, they ought to be as follows, if the gray compound were not 
formed : 4 (K 0, C Os ) + Gs = E4 + 1 2 C 0. Instead of obtain- 
ing 4 eqs. of potassium, however, from 4 eqs. of carbonate^ we 
only obtain 1 eq. as metal, the remaining 3 eqs. combining with 
carbonic oxide to form the gray poWder: K4 + 12CO = (07 0t, 
K3)-|-6CO + K. This is the reason why the above process h 
not nearly so productive as might be expected. Tbe gray powder 
must be kept under naphtha, as it is liable to be altered if exposed 
to the air, and especially to take fire and explode, if moistened 
with water. (This compound, by the slow action of the air, is 
converted into a very remarkable salt, rhodizonate of potash, to ht 
hereafter mentioned, when carbonic oxide is treated of as a com- 
pound radical.) 

Potassium is a metal of a bluish-white color, and a high degree 
of metallic lustre, so that a melted portion of it, under napbtba, 
resembles mercury or melted silver. At ordinary temperatures^ 
it is so soft as to yield easily to the finger. At 150^ it is quite 
fluid, and if cooled to 32°, it becomes brittle. At a low red-heat 
it boils, and may be distilled unchanged. Its 6p. G. b 0*865, M 
that it floats on the surface of water. 

When exposed to the air it is instantly tarnished by the forma* 
tion of a film of oxide ; and after a short time the whole is oxid^ 
ized and converted into a white solid oxide, which soon attracts 
water from the atmosphere. Potassium must therefore be kept 
under naphtha, a liquid containing no oxygen. When heated m 
the air, potassium takes fire, and bums with a beautiful pink flame; 
oxide being formed. So powerful is its affinity for oxygen, that 
when thrown on the surface of water, it instantly decomposes it, 
with so much disengagement of heat as to set fire to the hydrogen 
gas which is separated : K-{-H0 = K04-H. The hydrogen 
burning causes the potassium also to bum, combining with the 
oxygen of the air, and the globule swims about until it is con- 
sumed, burning on the surface of the water with a beautiful pink 
flame. The same phenomenon appears if the metal be placed in 
a small hollow on the surface of a piece of ice, when it instantly 
bursts into flame. 

The affinity of potassium for oxygen and the other metalloids is 
so powerful that it has been the means of isolating many metals 
and some metalloids, whose attraction for oxygen, <fec., is too 
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strong to be OTercome by the usual meaiia. Thus poCsashiin 
decomposes the oxides or chlorides of alumiDum, glucinuzD, 

Jitrium, thorium, and zirconium, and the boracic and silicic adds. 
t is, consequently, a very powerful instrument of research. 
The compounds of potassium to be here described are those 
which it forms with the metalloids. 

FOTASSIUIC AHD 02TGKK. 

Potassium forms two compounds with oxygen, a protoxide, E O, 
and a peroxide, EO 9. 

a. Protoxide of Potassium. E O := 47.163. 

This oxide is only formed when potassium is oxidized in dry 
air, or oxygen. It is a white powder, which rapidly absorbs 
moisture from the air, and deliquesces. It is now converted into 
the usual form, namely, hydrated oxide of potassium, or hydrate 
of potash. 

Sin. Catutic Potash: EO, HO = 66- 176. — This important 
compound is best prepared by acting on pure carbonate of potash, 
dissolved in water, so as to deprive it of carbonic acid. Two parts 
of carbonate are dissolved in twenty of boiling water in an iron 
pot, and one part of quick-lime, being previously slaked by cover- 
mg it with boiling water, so as to form a kind of cream of slaked 
lime, is added to the boiling liquid in small portions, the mixture 
being allowed to boil a minute or two after each addition. When 
all the lime has been added, the whole is to be boiled for five 
minutes, care being taken to keep up the original quantity of 
water ; since with less water the potash actually takes back the 
carbonic acid from the lime. The vessel, which ought to be more 
deep than wide, is then covered up with its lid, and allowed to 
stand for twenty-four hours. At the end of that time, if the above 
directions have been exactly followed, ^} of the liquid may be 
decanted off perfectly clear and colorless. This is a pure solution 
of potash ; and to obtain the hydrate, we have merely to boil it 
rapidly down, in a clean deep iron or silver vessel, till the residue 
flows like oil. It is then poured out on a plate of silver, and, on 
cooling, broken up into fragments, and preserved in well stopped 
bottles. 

In the above process, the lime deprives the carbonate of potash 
of its carbonic acid, forming an insoluble carbonate of lime : H 0, 
CO* + CaO,HO«CaO, COf + E0, HO. By slaking the 
Ume with hot water, it falls to so fine a powder that every particle 
acts, and we are thus enabled to use very tittle more than the 
atomic proportion of quick-lime, which would be about 28 to 69, 
instead of 1 to 2, or 28 to 56, as we employ. Again, by adding 
the lime gradually, and constantly boiling, the carbonate of lime 
ssumes a very dense form, and settles perfectly to the bottom ; 
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vbereas if the ]ime were all added at once, it would yield a r^ 
bulky carbonate, from wbich tbe solution of potasb would be wim 
difficulty separated. By allowing tbe liquid to, clear in the cov- 
ered vessel, we avoid filtration, and consequently the bringing tbe 
potasb in contact with the air, from which it absorbs carbonic 
acid, and is re-converted into carbonate. So effectual is tbe above 
process that tbe decanted liquid does not effervesce with acids, if 
carefully prepared ; and if it be rapidly boiled to dryness, tbe 
solid hydrate may be also obtained free urom carbonic acid. 

Tbe hydrate of potash is so valuable a re-agent to the chemist, 
that I have described minutely the best method of preparing it^ 
which, as generally happens, is also the most simple. The solu- 
tion, or aqua potassse, is daily used in the ultimate analysis of 
organic bodies to absorb carbonic acid ; and for this purpose, as 
well as for many others, it is obtained sufficiently pure from the 
pearlash, or impure carbonate of potash of commerce. The pearl- 
ash is to be treated precisely as the pure carbonate in tbe above 
Srocess ; and the decanted solution ot caustic potasb is to be boiled 
own until crystals begin to form in the boiling liquid, which is 
then allowed to cool in well stopped bottles of green glass. Tbe 
crystals are sulphate of potasn, a salt present in tlie pearlasb, 
which is insoluble in a strong solution of caustic potasb. On cooling, 
therefore, the whole of the sulphate crystallizes out, so that not 
a trace is left in the liquid. The clear liquid, decanted from tbe 
crystals, now contains no impurity, except chloride of potassium, 
which, for most purposes, is of no importance. It has a Sp. G. of 
1-25 to 1*35, and is ready for use in organic analysis. If boiled 
to dryness, it yields a hydrate of potash, far purer than the hydrate 
of commerce, inasmuch as it is free from sulphate. 

Hydrate of potasb cast into small sticks, is much used by sur- 
geons as a powerful caustic. The chief objection to its use is, that 
owing to its attraction for water, it deliquesces, and spreads farther 
than IS intended. But in careful hands, it is easily managed, and 
is often used in preference to the knife, for opening glandular 
swellings, such as buboes, which have suppurated. When thus 
opened, and when the caustic has been applied to tbe inner surface 
of tbe cavity, they appear to heal better than when opened witb 
tbe lancet. In chemistry, hydrate of potash is much used for tbe 
decomposition of minerals, by fusion witb them, and for drying 
certain gases. 

The solution of potasb, aqua potassse^ or liquor potassse, has the 
acrid corrosive taste of the byarate ; and when rubbed between 
the fingers, g^ves them a soapy feel, forming, in fact, soap with the 
oil of the skin. It turns infusion of red cabbage, of violets, dah- 
lias, (Sec, green, and restores tbe blue of litmus reddened by acids. 
It is powerfully alcaline, or basic, neutralizing all acids. Its great 
attraction for carbonic acid has been already mentioned as iha 
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reason for its being i^sed in organic analysis, for the purpose of 
absorbing the carbonic acid derived from the carbon of the sub- 
stance, and enabling us to ascertain its weight. For the same 
reason, potash in the form of solid hydrate, or in solution, must 
always be protected from the carbonic acid' of the atmosphere. 
The solution, when of Sp. G. 1-060, is used in medicine as an ant- 
acid and lithontriptic. The chief use of potash is unquestionably 
that of promoting the growth of plants, to which it is generally 
essential, although it may frequently be replaced by soda or lime. 
Its function appears to be that of fixing the carbonic acid of the 
atmosphere, which with the elements of water, gives rise to the 
* chief vegetable products, as will be explained in the second part. 
Hence all fertile soils contain it : hence also ihe value of the ashes 
of vegetables, as manure, depends in a great measure on the pot- 
ash they contain ; and the same remark applies to animal manures* 
Cow-dung, for example, is very rich in potash. 

The presence of potash in any solution is best ascertained by 
the action of bichloride of platinum in solution, which, if any nota- 
ole quantity of potash be present, forms with it a pale yellow pre- 
cipitate of the double chloride of platinum and potassium. If the 
proportion of potash be very small, no precipitate may appear. 
In this case the liquid to be tested may be first concentrated by 
evaporation, and then again tested with the platinum salt, when 
the precipitate will in all probabilitv appear ; or alcohol may be 
added to the first mixture, in which the double chloride is quite 
insoluble. The only uncertainty in this test is, that ammonia 
gives a similar precipitate ; so that we must first ascertain if am- 
monia be present, and if so, expel it by a red-heat, before testing 
for potassium. 

rerchloric acid also causes, in solutions containing potash, a 
white precipitate of perchlorate of potash, sparingly soluble in 
water, and quite insoluble in alcohol ; so that if but little potash 
be present, alcohol ought here also to be added. 

An excess of tartJ9iric acid produces, after a time, a crystalline 
deposit of cream of tartar, in solutions containing potash, more 
especially if well stirred wiUi a glass rod, which causes the deposit 
to appear in streaks on the glass. 

An alcoholic solution of carbazotic acid causes a yellow crys- 
talline precipitate in solution of potash. 

Lastly, hydrofluosilicic i^cid causes a gelatinous semi-transparent 
precipitate of silicofluoride of potassium, when added to solutions 
of potash. Of all these tests, the most certain is the bichloride of 
platinum, with the aid of alcohol. 

b. Peroxide of Potassium. E Os » 63*176. 

This oxide is formed by passing potassium over red-hot potash; 
It is an orange*yellow powder, which, when thrown into wateri 
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ifl deoomposedy oxygen being given off, and potash being found in 
the liqiiia« 

POTASSIUM WITH BTDBOOSM AND NITBOOXN. 

With hydrogen potassiam. forms two compounds, one of which 
appears to be a solid, the other gas. The latter seems to take fire 
spontaneously in contact with air, and is probably formed when 
potassium acts on water. The former is produced when potas- 
sium is heated in hydrogen gas. It is a gray solid decomposed 
by water. 

When potassium is heated in dry ammonia, an olive-colored 
solid is formed, which is composed of potassium and amide 
(araidogen), E, N Hj. When this is heated, ammonia is ffiven off, 
and there is left a substance resembling graphite, which 'is a com- 
pound of potassium and nitrogen : 3 ^K, N Ht) s= 2 N Hs + NE3. 
This compound has been little examined. 

POTASSIUM WITH CBLOUNK, BBOMINX, lOniZIS AND FLUORINE. 

With all these elements potassium combines, with each in one 
proportion only, forming compounds which are very analogous to 
each other. 

Chloride of Potassium. K CI s= 74*67. 

This compound is a neutral salt, very similar to sea-salt. It is 
found in considerable quantity in the ashes of plants, especially 
of sea-plants. It is formed when potash is neutralized by hydro- 
chloric acid, and the solution evaporated so as to form crystals : 
E -f H 01 sr: H O + K 01. It is also left when chlorate or per- 
chlorate is heated so as to expel all the oxygen: EG, 010 s =s 
EOl + Oe. 

It has a saline and bitterish taste, and is not much more soluble 
in hot than in cold water. It crystallizes, like sea-salt, in cubes. 
It is only used, when very cheap, in the manufucture of alum. 
It cannot be substituted for sea-salt, as a condiment, or antiseptic. 

Iodide of Potassium. E I = 166*46. 

This salt, which is very much used in medicine, resembles the 
preceding in external characters. It crystallizes in cubes, and iv. 
very soluble in water. To prepare it, iodine is dissolved in a pure 
solution of potash, with the aid of heat, until the liquid begins to 
assume a permanent brownish yellow color, indicating a slight 
excess of iodine. The liquid is now evaporated to dryness, and 
the dry residue ignited and melted in a covered platinum or iron 
vessel. The melted mass is poured out on a clean iron plate. It 
is iodide of potassium ; and if dissolved in water and tiltered if 
necessary, the solution on evaporation yields pure crystals of the 
salt. In the first stage of this process, iodate of potash and 
iodide of potassium are. formed: Is + 6£^0»5Kl-h (EC, 
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I Oi ^. In the second stage, the iodale is oonrerted by a red-heat 
into iodide of potassium, oxygen being given off, -while the iodide 
already present is unaltered : 6KI + (K0, IO«)=6KI4-Oe. 

Another method is to form iodide of iron by bringing iron and 
iodine in contact under water. The iodide of iron dissolres, and 
the filtered solution is decomposed by an equivalent weight of car- 
bonate of potash in solution : Fe I + K O, G Os »K I + Fe 0, 
C Oa . The insoluble carbonate of iron is separated by the filter* 
and the clear liquid evaporated till crystals are deposited. 

Pure iodide of potassium is white, and dissolves entirely in hot 
alcohol. It is often adulterated with carbonate of potash, but that 
salt is easily detected by its insolubility in alcohol. The solution 
of iodide of potassium can dissolve a large quantity of free 
iodine, by which it acquires a deep brown color. This solution is 
much used for baths ; and the iodide is employed both externally 
and internally in scrofulous diseases. 

Bromide of Potassium. K Br = 1 17*6. 

« 

This salt is very analagous to the preceding, and is formed m 
the same way. It crystallizes in cubes, and is rery soluble in 
water. It has not been applied to any use. 

Fluoride of potassium, KF=:57-8, is obtained when hydro- 
fluoric acid acts on potash: HF + KO = HO + KF. It is 
soluble and crystallizes in cubes, and is very analogous to the 
preceding salts. 

POTASSIUM AND SULPHUR. 

Potassium combmes with sulphur in several proportions, of 
which the most important are, the protosulphide, kS, and the 
pentasulphide, or persulphide, E Ss . 

Protosulphide of Potassiuml E S = 55*2. 

This may be formed by melting together its constituents ; but it 
is best prepared by passing hydrogen gas over neutral sulphate of 
potash, heated to bright redness. Here the hydrogen removes all 
the oxygen of the salt, and the sulphide is left. 

KO,SOs+H4=:4HO+KS. 

Protosulphide of potassium is a solid of a bright red color^ 
which forms with water a colorless solution. This solution smells 
of sulphuretted hydrogen, and probably contains that compound 
and potash, formed by the action of water on the sulphide : E S 
+ H0 = E04-HS. The solution is alcaline, and if pure is 
decomposed by acids, without any separation of sulphur, sulphur- 
etted hydrogen being given off. 

Pentasulphide or Persulphide of Potassium. E Sj s±= 119*5. 

This is the chief ingredient in what is called hepar sulphuris, 
or liver of siilphur, when prepared by fusing sulphur with car- 
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bonate of potash at the lowest possible temperature, when tlie 
persulphide is formed along with hyposulphite of potash : 3 K O 
+ Si2 = 2 E Ss + (K 0, Sa Os ). Alcohol dissolves the sulphide, 
which has a deep orange color. It may be obtained pure in solu- 
tion by boiling the protosulphide with 4 eq. of sulphur and water. 
The persulphate of potassium forms an orange or yellow solution, 
whicn is aecomposed by acids, with the deposition of a large 
quantity, 4 eq. of sulphur. 

There are five other compounds of sulphur and potassium, all 
similar in properties to the persulphide. They are KSs, KSs, 
KS4, Ks St, and Ei 80. The last two are probably (ESt + 
ES«), and(ES4+ES5). 

fOTASSIUK AND SBLXNIUIC. 

The relations between these elements appear to be closely 
analogous to those between potassium and sulphur : but the com- 
pounds formed are little known. 

POTASBIUM AKB PHOSPHOBUS. 

These elements, when heated together, combine to form a solid 
phosphide. When thrown into water, it gives rise to the disen- 
ga^ment of spontaneously inflammable phosphuretted hydrogen, 
while solid phosphuretted hydrogen separates, and hypophosphite 
of potash is found dissolved. 

Nothing is known with certainty of the carbide of potassium, 
which is supposed by some to be formed in the process of making 
potassium. 

No compound of potassium with silicon is accurately known : but 
with silicic acid potash forms compounds which are known as 
fflass. When the silica predominates, we have ordinary hard 
msoluble glass : when the potash is in excess, the compound is 
called silicate of potash. It is a glassy mass, soluble m water, 
and the solution has long been known as liquor of flints. (See, 
hereafter, under the head of Salts, the silicates, including glass 
and porcelain). 

16. SoDiTTM. Na=a3'3. 

6tn. Niairivm, ^- This metal, is, perhaps, more abundant in our 
globe than any other ; for it constitutes two-fifths of all the sea-salt 
existing in sea*water, in the water of springs, rivers, and lakes, in 
almost all soils, and in the form of rock salt. Sea-salt is a com- 
pound of sodium with chlorine, Na 01. Sodium also occurs as 
oxide of sodium, or soda, in a good many minerals ; and more 
especially in the forms of carbonate, nitrate, and borate of soda : 
the first extracted from the soil in many parts of Africa; the 
second covering extensive plains in South America ; and the third 
encrusting the shores of numerous lakes in Thibet. Soda is con- 
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tained in sea-plants^ aad in land-pUnto ^wing near ihe aea, iii 
the latter apparently replacing potaah ; it u the chief base in kelp» 
yarec, or barilla, which are the ashes of sea-weed. Soda also 
occurs in most animal fluids. 

Sodium is obtained by a process exactly similar to that above 
described for potassium, substituting acetate of soda for cream of 
tartar. Owing to the fortunate circumstance that sodium does not 
combine with carbonic oxide, the process is much more productive 
than in the case of the former metal. In fact, when properly con- 
ducted, we may expect to obtain the whole of the sodium. Thus^ 
in the laboratory at Giessen, 1 lb, of calcined acetate of soda 
(carbonate containing a little charcoal) mixed with ^ lb. of finely- 
powdered, and -^ lb. of coarsely-powdered charcoal, and heated in 
a malleable iron bottle, as above recommended^ yielded nearly 6 
oz. of sodium, even when it was obvious that the result was capa- 
ble of considerable improvement ; the whole of the sodium present 
being about 7 ox. From the extreme cheapness of carbonate of 
soda, and the productiveness of the operation, sodium can be 
prepared far cheaper than potassium, and may, in most cases, 
be substituted for that metal, as its affinities are almost equally 
powerful. Should this metal be ever required on the large scale. 
It might be obtained for a price little, if at all, higher than that 
of zinc. 

Sodium is a silver-white metal, having a very high lustre. It 
has not the bluish tinge of potassium, but, if any, rather a very 
slight yellowish tint, so that it resembles silver, while potassium 
resembles mercury. Its Sp. G. is 0*9348 ; it melts at 200^, bein^ 
rather less fusible than potassium : but it is, on the other hand, 
somewhat more volatile, which is one cause of its preparation 
being easier, since it distils over at a lower heat 

SODIUM AND OZYOBN. 

j 

The affinity of sodium for oxygen is next to that of potassium. I 

It rapidly attracts oxygen from the air, and must therefore be kept 
under naptha ; but it is evidently less rapidly oxidized than potas- 
sium, and consequently keeps better. When heated in 'air or 
oxygen it takes fire, burning with a very pure and intense yellow 
flame, which is characteristic of sodium and of all its compounds. 
It decomposes water instantly, but does not spontaneously take fire 
when thrown on water, as potassium does. If the water, however, 
be thickened with gum, or if there be only a few drops of water, 
the action of sodium is attended with flame, and the yellow color 
of the flame is most conspicuous. When exposed to the air, or 
burned in air or on water, sodium forms the protoxide, or soda : 
but it can form two other oxides — the suboxide and the peroxide. 
The suboxide is little known ; the peroxide is an orange powder, 
If as Oa. The only important oxide is the 
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Protoxide of Sodium. NaOss 31-313. 

Stk. Soda. — This oxide is formed when sodium is burned in 
dry air or oxygen. It is a white powder, which attracts moisture 
and carl>onic acid from the air. When sodium is oxidized by water, 
or when the protoxide is dissolved in water, there is formed the true 
alcali, the hydrated oxide of sodium, or hydrate of soda, Na 0, H O. 

Stn. Oausiie Soda, ^^ This hydrate is prepared by a process 
exactly similar to that given for caustic potash, substituting carbo- 
nate of soda for carbonate of potash, li the carbonate of soda be 
in crystals, 1 part of quick-ume is sufficient for 6 or 6 parts of 
carbonate : if dry, 1 part of quiclr-lime will suffice, if pure, for 2 
of carbonate. As the lime is seldom pure, it is in general safer to 
take 2 parts for 3 of dir carbonate of soda. 

The solution of caustic soda, owing to the superior purity of the 
carbonate, which is generally free from sulphate and chloride, is 
much purer than the common aqua potassse; and when boiled 
down, it leaves a very pure hydrate of soda: Na 0, H 0. This 
hydrate is^ in all external characters, and in most chemical ones, 
exactly similar to caustic potash : it is deliquescent and caustic, 
and may be used for almost all the same purposes. The solution, 
however, cannot be used for organic analysis, as it froths up like 
solution of soap when a gas passes through it. 

With acids soda forms salts, all of which, with hardly an excep- 
tion, are soluble in water, and many of which crystallize. The 
solubility of its salts serves to distinguish soda from potash ; for 
neither bichloride of platinum, tartaric acid, perchlonc acid, nor 
carbazotic acid causes any precipitate in the salts of soda, even 
when alcohol is added. Hydrofluosilicic acid is the only test that 
forms a precipitate in cold and pretty strong solutions of soda 
salts ; but the silicofluoride of sodium, thus formed, is much more 
soluble than the corresponding salt of potassium. When we know 
that either potash or soda is present, and the tests give the above 
negative results, we may safolv decide on the presence of soda : 
but if we wish for positive eviaence, this can only be obtained by 
Betting fire to alconol along with the suspected salt, or exposing 
the salt on platinum wire to the flame of the blowpipe ; when, if 
soda be present, a rich and pure yellow color will be given to the 
flame. 

The chief uses of soda are in the manufacture of glass and hard 
soap. The carbonate is used in washing, and is a powerful deter- 
gent, althou^ milder than carbonate of potash. 

SODIUM AND GHLORIIIB. 

Chloride of Sodium. Na CI s 58*75. 

Snr. Muriale of Soda. Sea SaU. Rock Salt. Kiichen Salt. ~ 
This very important salt is formed when chlorine and sodium, oi 
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hydrochloric acid and sodn, come together. But it is foand in 
immense quantity dissolved in sea-water, and in the water of salt 
springs, and in smaller quantity in all natural waters, hy whieh» 
bdeed, it is carried to the sea, where it accomulates. Inland 
seas, without any outlet, and where, consequently, the supeifluova 
water escapes only hy evaporation, hecome more saline than sea- 
water, although the streams which feed them are not richer in salt 
than ordinary rivers. Hence the Dead Sea in Palestine, M by 
the Jordan, is a very strong brine, containing the same ingredients 
as sea-water, but far stronger ; Uiese ingredients bemg also the 
same which are found in the Jordan and all rivers, in much smaller 
quantity. Salt is also found abundantly, as rock salt, in varioua 
countries. It is obtained from the sea-waler by simjJe evapora- 
tion, either spontaneous or with the aid of heat, till crystals sepa- 
rate, which are nearly pure chloride of sodium. 

The properties of salt are well known. It is angular that it ia 
not materially more soluble in hot than in cold water : for which 
reason it separates in crystals from the hot liquid during evapora- 
tion, and ought to be taken out from time to tmie with a perforated 
ladle, to allow the mother liquor to drain oflf. 

One chief use of salt is as an antiseptic in curing meat It 
seems to act chiefly by removing so much water from the flesh 
that too little is left to allow of putrefaction. Hence highly salted 
meat is alw^s dry, and requires long steeping in water to render 
it eatable. Salt is also employed to yield hydrochloric (muriatic) 
acid, and chlorine, for the maldng of bleaching-powder, as well as 
the best carbonate of soda. In preparing hydrochloric add from 
salt, which is done by the aid of oil of vitriol, sulphate of soda ia 
formed ; from which, by heating it with charcoal, carbonate of 
soda is obtained. Thus, in the very important manufacture of 
soda from salt, both the chlorine and the sodium are made use of; 
the hydrochloric acid being but a secondary product, formed in 
the first stage of the manufacture of carbonate of soda, — a product 
nearly equal in importance to the oil of vitriol, by means of which 
it is made. 

But the most important use of salt, which renders it an absolute 
necessary of life to animals in some shape or other, is as a condi- 
ment to food, or rather as a substance indispensable to digestion. 
This subject wUl be fully treated of in the Second Part of this 
work. In the meanwhile it may be mentioned, that the free mu- 
riatic acid, always present in the chyme before it leaves the stom- 
ach, and the soda which is found in the chyle and in the blood, 
and which is the essential basic element of the bile, are both de- 
rived from salt, either originally present in the food, or, as is most 
commonly the case, added to it by man. Herbivorous animals, 
who produce an enormous quantity of bile, find salt in their food, 
and above all in the river or spring water they drink. But they 
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aire so sendble of the good effects of salt, that they show the great- 
est preference for salt springs, and indeed for solid salt, if placed 
within their reach. When supplied with salt in moderate quantity 
they thrive uncommonly well, as in salt marshes, which are weu 
known to give rise to very rich and well-feeding pastures. An 
excess of salt is, however, injurious. 

SODIUM WITH BROMINE, lODINB, AKD rLUORINB. 

The compounds of sodium with these elements are quite anal- 
ogous to those of potassium above described. The iodide and 
bromide of sodium are found in sea-water and in salt springs, in 
minute quantity. The formula of these three compounds are, 
NaBr, Nal, andNaF. 

SODIUM WITH SVLPHUB. 

Sodium, like potassium, unites with sulphur in several propor- 
tions. The protosulphide, Na 8, is very similar to the corresponding 
sulphide of potassium ; the others are little known. 

it is very remarkable that the beautiful mineral, lapis lazuli, or 
idtra-marine, the nature of the coloring matter in which was long 
a complete puzzle to chemists, should, according to recent discov- 
eries, owe its magnificent blue color to the presence of sulphide of 
sodium, a compound destitute of any such color. But this seems 
to be really the case : for by heating a mixture of hydrated alumina 
and silicic acid to whiteness, along with sulphide of sodium, C. G. 
Gmelin has succeeded in prepanng artificial ultra-marine, which 
is now prepared in France quite equal to the native pigment, and 
very much cheaper. We are still quite in the dark as to the true 
nature of the blue compound formed in this operation. 

The compounds of sodium with phosphorus, carbon, boron, and 
silicon are unknown. With silicic acid, soda, like potash, forms 
glass. 

16. Lithium. £=6*43. 

This metal is very rare, occurring only as oxide or lilhia in a 
few rare minerals, such as apodumene, petalite, lepidolite, and 
lithion-mica. The metal has been obtained in small quantity by 
means of galvanism from the oxide, and is white, burning when 
heated, with a blood* red flame, and forming protoxide of hthium, 
or lithia. 

Protoxide of Lithium. L O sb 14*43. 

This alcali can only be obtained from either of the above min- 
erals, which are silicates. One part of the mineral in fine powder 
is mixed with two of fluor-spar, and the mixture heated with sul- 
phuric apid, until the whole of the silica is dissipated. There then 
remains a m ixture of sulphates of alumina, lime, and lithia, and 
in the case of lepidolite or spodumene, potash. By boiling with 
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carbonate of ammonia in excess, the alnmina and lime are predpi^i^ 
teted, and the filtered liquid is evaporated to dryness, and ignited 
to expel the sulphate of ammonia. The residue is sulphate of 
Uthia, or sulphates of lithia and potash. In the latter case, bj 
the cautious addiUon of chloride of barium, the sulphuric acid is 
separated as sulphate of baryta, and the lithia and potash con* 
verted into chlorides. These being dried, are digested in absolute 
alcohol, which dissolves the chloride of lithium. The lithia is 
now free from other bases : to obtun it in the separate state, the 
chloride is converted into sulphate, by being boiled with oil of 
vitriol, and the solution of the sulphate decomposed by the exact 
equivalent of barytic water, by which the sulphuric acid is pre* 
cipitated, while the free lithia is dissolved, and the solution, if 
evaporated, leaves hydrate of lithia, L 0, H O. 

Ijithia is not quite so soluble in water as soda or potash, nor ia 
it so caustic ; but it very much resembles these alcalies. Its solu- 
tion attracts carbonic acid as readily as theirs from the atmosphere* 
When lithia is fused on platinum, it corrodes and stains the metaL 
Lithia and all its salts gave a blood-red color to flame. The car* 
bonate of lithia is spanngly soluble, and its phosphate is nearly 
insoluble. Lithia occurs too rarely to admit of any useful apph* 
cation; but it is important to know that lithion*mica, which is 
recognized by its easy fusibility before the blowpipe, and by ita 
tinging the outer flame red, has hitherto been only found associated 
witn iubite and topaz, or pycnite, in tin districts, and its occurrence, 
thus associated, may be looked on as a sure indication of the exist- 
ence of tin in the locality. 

Chloride of lithium, L CI, crystallizes in cubes. It is very deli- 
quescent and soluble in alcohol, the flame of which it colors of a 
fine red. 

Appendix to thx Fibst, ob Alcaunx Group of Mxtals. 
Ammonium. N H4 ss Am =s 18* 19. 

I 

This hypothetical compound metal has already been described 
under the head of Ammonia, but we must here consider it as a 
metal, analogous to the three just described. 

In all the salts of ammonia with oxy^n acids Am O is found. 
This compound, oxide of ammonium « N Hs, H O, is itself a vei^ 
powerful and caustic alcali, and neutralizes all the acids. It is 
important to observe that it is isomorphous with potash, K O ; so 
that the salt K 0, S O3 has the very same form as Am O, S Os. 

Chloride of Ammonium. Am CI = N H« CI « N Hs, H CI » 63*64. 

This is the well-known salt, sal ammoniac, which is analogous 
to K CI, Na CI, and L CI, crystallizing, like them, in cubes. It is 
the salt from which ammonia and all its compounds are farmed, 
and it is prepared from the impure carbonate of ammonia obtained 



by ^fistilfing animil raattenu It is enfirelj Tolatile, ftohibk in 
water, has a pungeut saline taste^ and no smell. Its chemical 
relations are those of a chloride, although it is called muriate of 
ammeua, because it is formed when muriatic (hydrochloric) acid 
and ammonia act on each other. But there is little doubt that 
these bodies mutually decompose each other, according to the 
equation, N H3 + H CI r=r N H4, 01. 

The bromide, iodide, and fluoride of ammonium are very similar 
to the chloride. 

ObDKR 2. — MSTALS OF THE AlOALIHI EaETHS. 

17. Baeium. Ba = 68*7. 

This metal may be obtained with difficulty, by causing the vapor 
of potassium to pass over baryta (oxide of bariuno) strongly 
heated in an iron tube. The potassium is oxidized at the expense 
<^ the barium, forming potash, while barium is separated. Ba O 
-]- E ss E + Ba. Mercury dissolves out the barium, forming a 
fluid amalgam, and this, if ibe mercury is distilled off in a small- 
iron retort, leaves the biuium« 

Barium is a metal of a dark ^ay color, heavier than oil of 
vitriol. When exposed to the sa, it rapidly absorbs oxysen, 
forminfi^ a white powder, the protoxide of barium or baryta. It is- 
also oxidized by water, hydrogen being liberated. 

Protoxide of Barium. Ba O r= 76*71 S. 

Stn. Bary(cu — This akaline earth occurs in nature combined 
with carbonic and sidphuric acids. It is best obtained pure by 
decomposing pure nitrate of baryta, by a continued red-heat, when 
the nitric acid is destroyed, being expelled as nitrous acid and oxy- 
gen, and the baryta left behind : Ba O, N 0« = Ba O + N O4 + 0. 

Baryta is a gray porous solid, the Sp. G. of which is about 
4*000. It has an acrid alcaline taste, but is much less soluble in 
water than potash or soda. When sprinkled with water, it slakes, ' 
Vke quick-lime, combining with the water to form a dry, white 
powder, hydrate of baryta. Great heat attends this combination. 
Baryta, if ex|)osed to the air, speedily attracts moisture and falU 
to powder, and the hydrate absorbs carbonic acid from the air/ 
and is converted into carbonate by degrees. 

Hydrate of Baryta. Ba O, H O = 86*726. 

This compound is formed when dry baryta is slaked with water, 
as above mentioned. It is a bulky white powder, which dissolves 
in 3 parts of boiling water, and in about 20 of cold water. The 
saturated hot solution deposits, on cooling, crystals, which are 
composed of Ba 0, H 4* ^ aq« The saturated cold solution, 
which is called barytic water, is a most useful test of the presence 
of carbonic acid in the air, or in any gas ; for with that acid it' 
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instaiidy prodaoea the insolable carbonate of baryta* wbich fenag 
a film, or cmst, on tbe liquid. 

A solution of baryta ma^ be formed, extemporaneously, by 
boiling sulphide of barium in solution with oxide of copper or 
oxide of lead in excess, and filtering as soon as the liquid gives a 
white, and not a black precipitate with acetate of lead. The 
change is as follows: BaS+ CuO = BaO + CuS; or BaS + 
Pb O s= Ba O -f Pb S. The sulphides of lead and copper, bemg 
insoluble, are easily separated by the filter. 

Bairta may be recognized, either in the firee state, or in its 
salts, by its giving, with alcalme carbonates, a white precipitate of 
carbonate, and wiUi sulphuric acid or any soluble sulphate, a white 
precipitate of sulphate of baryta. The latter is quite insoluble in 
water and acids : and hence baryta and its salts are much used aa 
tests for sulphuric acid. 

Peroxide of Barium. Ba Ot ^ 84-7. 

This oxide is formed either by passing oxygen over baryta at a 
red-heat, or by sprinkling chlorate of potash on baryta heated to 
a very low redness, and washing away the soluble part with water. 
In the latter case it is obtained as a hydrate. It is insoluble in 
water, and weak acids dissolve it, forming a salt of protoxide; 
while the oxygen combines with water, forming a peroxide of 
hydrogen. In fact, the peroxide of barium is only used for the 
purpose of making that compound. 

BARIUM Aim OHLOiUNX. 

Chloride of Barium. Ba CI = 104*17. 

This salt is best obtained by dissolving carbonate of baryta in 
hydrochloric acid : Ba 0, C Oi + H CI = Ba CI + H + C Oi . 
It is also obtained by acting on solution of the sulphide of barium 
with the same acid : BaS+ HCl = BaCl + H& In the former 
case carbonic acid gas, in Uie latter sulphuretted hydrogen gas, is 
disengaged ; and in both the chloride of barium remuns dissolved* 
and, on evaporation, crystallizes in white brilliant tabular crystals^ 
which are composed of Ba CI -{- 2 aq. A red-heat expels the 
water of crystallization, and chloride of barium is left. 

It is a white solid, soluble in water, and is used in medicine, 
and very extensively in chemistry, as a test for sulphuric acid, and 
a means of removing that acid from any solution. 

Bromide, iodide, and fluoride of barium are very analogous to 
the chloride. 

BARIUM AHD SULPHUR. 

Sulphide of Barium. Ba S = 84-82. 

This useful compound, from which all the other compounds of 
barium may be obtained, is prepared from the native sulphate of 
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baryta, or beavj spar, by redacing it to fine powder, mixing it 
with I of its weight of lamp-black (charcoal), and exposing the 
mixture to a white-heat for two hours in a covered crucible. The 
following change takes place : 

Ba O, S 0$ + C4 s= 4 C O + BaS. 

The sulphide of barium dissolres in hot water, forming a color- 
less solution, which, if exposed to the air, gradually absorbs 
oxygen, becoming yellow, and is finally converted into hyposulphite 
of baryta, the latter salt being deposited in hard brilliant crystals 
When, in preparing the sulphide, the heat has been insufficient, 
the sulphuric acid of the sulphate of baryta is entirely deoxidized, 
the baryta only partially, and we obtain a mixture of baryta and 
persulphide of barium, BaSa. Thus : 2 (Ba 0, SOs) + Ct s= 
4* 7 C 4- Ba -f- Ba Sa . This mass, dissolved in hot water, 
deposits, on cooling, crystals of hydrate of baryta : while the solu- 
tion, owing to the presence of persulphide, is orange-colored. 

Sulphide of barium, from its solubility, and from its being easily 
decomposed, serves to prepare all the compounds of barium. This, 
as already stated, if boiled with oxide of copper or of lead, yields 
hydrate of baryta ; and oxide of manganese may be used for the 
aame purpose. With hydrochloric acid it yields chloride of barium, 
and with nitric or acetic acid it gives rise to nitrate or acetate of 
baryta: BaS-f HO, NOs^HS + BaO, NO*. Mixed with 
carbonate of potash, soda, or ammonia, in solution, it produces 
insoluble carbonate of baryta, and a soluble sulphide of potassium, 
sodium and ammonium : Ba S + K 0, C Oa = K S + Ba 0, C Oa* 
From the nitrate pure baryta, and from the carbonate any salt of 
baryta may be obtained. 

All the compounds of barium, except the sulphate, are poisonous. 

18. Stboktium. Sr = 43*8. 
Oxide of Strontium. Sr O = 6 1 '8 1 3. 

This metal is analogous to barium, but little known. It occurs 
only as oxide, combined witb carbonic acid in strontianite, and 
with sulphuric acid in celeatine. From these minerals the oxide 
of stroDtia may be obtained, by processes exactly similar to those 
described for baryta. Strontia is rather less soluble in water than 
baryta, but otherwise much resembles it. Indeed it was long 
confounded with baryta, from which it is distin^ished by forming 
with hydrochloric acid a chloride which crystallizes in needles, and 
is very deliquescent and soluble in alcohol, to which it gives the 
property of burning with a crimson fiame. The nitrate of strontia 
IS used in making the red fire of the theatres, which is also 
employed for signal lights. 

The chloride and sulphide of strontium are prepared as those 
^ barium, and from the latter, hydrate of strontia and all the 
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. 0alto of BtrootuiiDaj be prqpaiedL Thesulpluitoof fltnmtkiiail 
absolatelj insduble, like that of harjiti, althovi^ ii b rerj 
iiearl J so. 

19. Calcium. Ca = 80'5. 
Oxide of Caldtim. Ca s 28-513. 

This metal is litUe known, bat it appean to resemble tbe two 
preceding. It is soon oxidized in air or in water, forming tbe 
oxide of caleiom, or qnick-Iime. 

The oxide, or lime, occurs in great abundance in nature chiefly 
as carbonate, in the forms of marble, limestone, chalk, and calca- 
I reons spar ; also as sulphate, m the shape of gypsum and alabaster. 
Carbonate of lime is the chief ingredient of shells, and phosphate 
of lime is the earthy part of bones. lime b found in the ashes 
of many plants. 

Pure kme is easily obtained by igniting white marble or chalk 
till all the carbonic acid is expelled. The residue is seldom quite 
white, but combines with water to form a snow-white hydrate 

eaked lime). A high temperature is produced in the slakmg of 
e. Ume is (ax less soluble in water than bai^yta or strontia» 
and cold water dissolves a good deal more lime Ihan hot, about 
^{7. The solution is called lime-water; it tastes acrid, and if 
exposed to the air, is soon covered with a film of carbonate, which 
forms a crust that at length breaks. Quick-lime, exposed to air, 
gradually absorbs both water and carbonic acid ; but a good red- 
heat always restores it to the state of quick-lime again. When an 
excess of hydrate is mixed up with water, it forms a milky-looking 
flnid, called milk or cream 01 lime, which is much used for absorb- 
ing carbonic acid. 

The uses of lime are well known : slaked fime is the chief 
ingredient in mortar, and lime-water is used in medicine as an 
antacid. With acids lime forms salts, of which the carbonate, 
like that of baryta or strontia, is insoluble, the chloride very deli- 

guescent, and the sulphate sparini^y soluble, but hx from insolu- 
le. Lime and its salts are recognised by forming, with oxalate 
of ammonia, the very insoluble oxalate of lime. J^ testing for 
lime, the solution must be neutral, as an excess of aeid dissolves 
the oxalate. 

Chloride of Calcium. Ca CI = 55*97. 

This salt is formed when carbcmate of lime is dissolved in 
hydrochloric acid, as in preparing carbonic acid gas : Ca O, C Os 
-t- H CI = Ca C1 + H + CO.. When the neutral solution is 
evaporated to the consistence of syrup, it forms, oa standing in a 
cold place, long prisms of crystallized chloride of calcium : Ca 01 
-f 3 H + 4 aq. At 480'' these lose the 4 equivalents of water 
of crystallization, and at a red-heat Uie other two equivolentb of 
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water. The cryatals, wben powdered and mixed with snow, 
liquefy rapidly, and produce intense cold. In every form chloride 
of calcium has a great attraction for water, and it is much used 
for drying gases, and in organic analysis for collecting the water, 
hy weighing which the proportion of hydrogen is determined. It 
also serves to deprive alchol, ether, and many similar fluids, of 
water/ 

The bromide and iodide of calcium are deliquescent salts, 
GaBr and Cal. 

Fluoride of Calcium. Ca F == 39*24. 

This is a very abundant mineral, occurring chiefly in veins 
along with lead ore, heavy spar, and quartz. It is well known as 
fluor, or Derbyshire spar, and crystallises beautifully in cubes, 
octahedrons, and tetraliedrons, which are transparent and color- 
less, or purple, green, brown, or yellow. It also occurs in a mas- 
sive semi-crystalline form, capable of being cut and polished Icht 
ornaments. It is very remarkable that fluoride of calcium is an 
ingredient of bones in variable quantity. It is said to be found 
chiefly in the enamel of the teeth, and it is certainly found in 
variable quantity, but always present, in ancient human bones. 
It is now said that it is less easily detected in recent bones, owing 
to the presence of animal matter. It has been found in some 
bones to the amount of 10 per cent. 

The presence of it is detected by treating the mineral or bone, 
after ignition, with oil of vitriol in a platinum crucible, covered 
with a waxed plate of glass, having the glass exposed by traces 
made with a point through the wax. In a short time the traces 
are so &r etcned as to be indelible, and very small traces of fluor 
spar may be thus detected. 

Sulphide of Calcium. CaS= 36-62. 

This compound is formed by a process similar to that given for 
svlphtde of barium. Sulphate of lime, mixed with ^ of its weight 
of charcoal powder, is strongly ignited for an hour or two in a 
covered crucible : CaO, SO3+ O4 «:4C0+ CaS. 

It is a nearly white powder, provided no excess of charcoal is 
present, and is very sparingly soluble in water. When it has 
been exposed to the sun's rays, it shines in the dark, and is called 
Canton's phosphorus. When water, lime and sulphur are boiled 
togcUier, there is formed a yellow or orange solution containing 
hyposulphite of lime and persulphide of calcium. This liquid, 
acted on by hydrochloric acid, yields persulphuretted hydrogen. 
When sulphur and lime are melted together, there is formed a 
mixture of sulphate of lime and sulphide of calcium. 

Phosphide, of calcium is obtained in an impure state, by bring- 
ing phosphorus in contact with red*hot lime. A brown powder is 
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tomed, whieb is a mixture of phosphate of lime and phosphide 
of calcium. When thrown into water it produces spontaneously 
inflammable phosphuretted hjdrogen, along with hypophosphite 
and phosphate of lime. 

20. Maohesiux. Hg =:12'7, 

This metal is obtained by causinff the vapor of potassium to 
come in contact with red-hot chloride of magnesium in a tube. 
Vivid incandescence takes place, chloride of potassium is formed, 
and magnesium separated. When the mass is acted on by cold 
water the chloride dissolves, and the magnesium is left in globules. 

Magnesium is silver-wbite, very brilliant and malleable. It 
melts at a red-heat ; and if heated in air or oxygen, bums vividly, 
being converted into oxide of magnesium, or magnesia. It does 
not decompose water, even when boiled with it; and is not 
oxidized at ordinary temperatures by dry air. Hence it may be 
preserved far more easily than any of the preceding metals. It 
dissolves in diluted acids, hydrogen being disengaged. 

MAONSBIUM AND OZTOXN. 

Oxide of Magnesium. Mg O = 20'713. 

Stn. Magnesia; Calcined Magnesia. — This oxide occurs in 
nature as carbonate, forming considerable masses of rock in some 
parts of the world ; also as a mixed carbonate of lime and mag- 
nesia, under the forms of dolomite and magnesian limestone ; and 
as sulphate of magnesia, or Epsom salts, which occurs in many 
saline springs. 

It is best obtained pure by heating the carbon to redness. 
Pure or calcined magnesia is a bulky white powder, insoluble in 
water. It has an earthy taste, and readily unites with acids, 
neutralizing them, on which account, and because it is in itself 
mild in its action, it is much used in medicine as an antacid. 
Magnesia, when precipitated from its salts by an alcali, combines 
with water, formmg a hydrate, Mg O, H O, which loses its water 
in a low red-heat. This hydrate is found native, crystallized. 

Of the salts of mag;nesia, the carbonate, like that of the three 
preceding earths, is msoluble ; but the sulphate is very soluble. 
The solution of this, or any other soluble salt of magnesia, is 
precipitated by potash, soda, and ammonia, which throw down 
pure magnesia; and by carbonates of potash and soda, which 
form carbonate of magnesia. But carbonate of ammonia causes 
no precipitate, owing to the formation of a soluble double salt; 
and for the same reason, oxalate of ammonia does not precipitate 
the salts of magnesia. By this last character magnesia may be 
distinguished and separated from lime. The most delicate test of 
magnesia in solutions is to add, first, carbonate of ammonia, and 



then phospbate of soda, which then forms an insoluble double 
phosphate of ammonia and magnesia, in* the form of a heavy 
crystalline powder, slowly formed when the quantity of magnesia 
is very small. 

Besides its uses in medicine, magnesia is a useful ingredient of 
all fertile soils. The double phosphate of ammonia and magnesia 
is found in the husk of grain, and in the potato ; and phosphate 
of magnesia is also found in bones. In a soil totally destitute of 
magnesia, grain does not produce perfect seed, however well the 
plants may thrive or grow in the stalk or leaf, to which parts 
magnesia seems not to be essential. Owing to the occcurrence of 
the double phosphate in potatoes, bran, which contains that salt, 
is a very powerful manure for that crop. 

MAGNESIUM WITH CHLORINE, BROMINE, IODINE, AND FLITORINE. 

Chloride of Magnesium. Mg CI =r 48* 17. 

This salt is best formed as follows: — Take two equal portions 
of hydrochloric acid, and neutralize one with magnesia, the other 
with ammonia ; then mix, evaporate to dryness, and ignite in a 
covered crucible till the sal ammoniac is dissipated. Fused chlor- 
ide of magnesium remains, which is poured out on a clean stone, 
and when solidified kept in a closely-stopped bottle. It is highly 
deliquescent, and is used for preparing magnesium. 

When magnesia acts on hydrochloric acid, they combine, pro- 
ducing hydrochlorate of magnesia, Mg 0, H CI, a rare case. On 
evaporating the solution to dryness and heating it, hydrochloric 
acid is expelled and magnesia is left. But when sal ammoniac is 
added (chloride of ammonium, NH4, CI), and the mixture evap- 
orated, chloride of magnesium is formed, and unites with the sal 
ammoniac, forming a double chloride, Mg CI -{- N H4, CI. When 
this is ignited, the sal ammoniac is expelled, and chloride of mag- 
nesium is left. Chloride of magnesium exists in sea- water, and is 
lound in the mother liquor of the crystals of salt. 

The iodide and bromide of magnesium are very soluble ; the 
fiuoride is insoluble. 

Sulphide of magnesium may be obtained by a method similar 
to that given for sulphide of barium. When pure, it is a white 
brittle mass, partially soluble in water. 

Order 3. — Metals of the Earths Proper. 

21. Aluminum. A1=13'7. 

Mr. Deville has just published a detailed account of the experi- 
ments with which he has been engaged for some time, with refer- 
ence to the production of aluminum, in such a state, and at such a 
cost, as to be practically applicable for various purposes in the arts. 



The mediod thrt be adopted is eanutiaSij (be suae aa that hf 
wbich Mr. Wohter obtatiKd this meUl — the decompoeition of chlo- 
ride of dttminniD by meana of an alcafine metaL Sodiom wm 
choeen m the decompomug agent, beoune it ts more eaaiiy obtained 
tban potaMinm. 

The appMsttn med ttreprewntedby Fig. 47. It consislitof thim 
cylinder*, A, B, D, connected by tabes, I, C, and heated bj (sa- 
IUtce^F, G. 
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The chloride of aluminum is introduced into the cylinder A ; ths 
■odium is placed in trays, holding about ten ponnda each, within the 
cast-iroD cylinder D. The inteimadiate cylinder, B, conlaina abont 
a hundred wewht of scrap-iron, which serves to sepanta iron fran 
the vapor of cMoride of aluminam, by converting the percUorida 
of iron into the much leas volatile prolochloride ', it also separates 
hydrochloric acid and chloride of smphnr. 

While the operation is in prc^rees, the tobe C is kept at a tem- 

Eerature of 400° to &72° F, and the cylinder D is heated so as to 
B barely red at the under surface ; the reaction between the cblo- 
ride of aluminum and soditun is attended with so great an evo- 
lution of beat that it is somelimea necessary to remove the fire eit- 
tirely. 

Very soon after the reaction has commenced, the chloride of 
sodium combines with the eiceas of chloride of aluminam, forming 
a double salt, whick is sufficiently volatile to be carried to the 
adjoining tray, where the aluminam is eliminated by means of the 
sodium. The reaction does not commence in one tray, until it baa 
ceased in that which precedes it, and it is at an end when on 
removing the cover (W) of the cylinder, the last tray is found to 
contain, in the place of Ibe sodium, a black mass, covered with a 
coloHes* liquid vhich is the double chloride of aluminum and 



aodiom. The tntys are then withdrainiy and replaced bj a fresh 
chaise of sodiuxn. 

When the c<intente of the trayt are cold they are traofiferred to 
eracihlea of caat-iron or clay, and heated until eompletely melted, 
and the double chloride begins to volatilise. Most frequently the 
reaction between chloride of aluminum and the sodium is not com- 
pleted in the cylinder, the sodium being protected by a crust of 
chloride of sodium ; but a double chloride of aluminum and sodium 
at the top of the trays is always sufficient to insure the perfect 
absorption of the sodium in the crucible, and the aluminum remains 
finally in contact with a lai^ excess of chloride of aluminum, 
which is indispensable for the success of the operation. 

When the crucibles are cold, the layer of chloride of sodium is 
removed from the top, and from the lower part the globules of 
metal are separated by washing with water ; but, unfortunately, the 
chloride of aluminum is dissolved, and exercises a very destructive 
action upon the metal, so that the globules obtained are not larger 
than a pin's head. Iliese are coUected, dried, put into a crucible, 
melted, and run into an ingot 

It is necessary to take especial care in removing from the sodium 
every particle of carbon wnich is sometimes mixed with it when 
badly prepared or insufficiently purified, for otherwise considerable 
quantities of metallic cyanides or cyanates are formed, which disen- 
gage ammonia when brought in contact with water, and cause a 
further destruction of aluminum. It is also necessary to avoid 
meltiuj^ the aluminum while it contains sodium, in which case it 
takes nre. It is always better to melt it together with some of the 
double chloride of aluininuro and sodium. 

The sodium was obtained by heating a mixture of carbonate of 
soda and carbon in an iron vessel. In operating upon the large 
scale coal is used, and the proportions of the materials that furnish- 
ed the best restdts were — 

Carbonate of soda (dry) . • . • SO 

Coal 13 

Chalk 5 

The characters requisite in this mixture are, that it should not 
melt at the temperature at which sodium is liberated, and that it 
should acquire a pasty consistence, so as to. remain in contact with 
the sides of the vessel in which it is heated. The high latent heat 
of carbonic oxide and of gaseous 9odium prevents the iron vessel 
from being melted. 

These substances are dried, powdered, and sifted ; then mixed and 
sifted acain, so as to be intimately mixed. Ilio mixture should then 
be calcmed. By this means its volume is considerably reduced, and 
when the calcination can be effected by the waste heat of a fhmao^ 
oooaiderable advantage is gained* 



lite appanbu med £v the prep«i«tioii at aodiim a repraentad 
bj Fig. 48. Tbe firepUce. G C, of the fanuce, ihown in aetioii, ia 
lioed wiUi firebricks ; the bars 6 am monble, and the flue dmnld 
be fimifthed with a veU4ltii^ damper. In the breaat of the fe- 



nsce there is a square opening, P, closed by a plate of casUiron, 
vith a hole through nhicn the tube T may project 

A mercary bottle, fdmished with an iron tnbe about three inchea 
long, serves as tbe dislillabe or veseel. It u supported npon two 




firebriohB, E, aboiit four inchea high, and hollowed at the (op so ai 
to fit tbe sid« of the bottle. 
Ihe receiver (j^g. 48) in which the aodium ia condensed is made 
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of two pieces of sheet-iron aboat one-tenth of an inch thick, A A« 
One of these pieces is jQat, except at the end C, where it is ham- 
mered so as to form a semi-cylindrical hollow. The other piece is 
turned up at the sides, so that, when fitted to the plate A, there is a 
space of about one-fifth of an inch wide ; and a hollow, correspond- 
ing to that in the other plate, is hammered at the end, so that to- 
gether they will form a collar to receive the conical end of the tube 
T. The edges are filed, so as to fit close, and are kept in their 
place by two binding screws (V V, Fig. 48.) 

When the bottle containiog the mixture is placed in the furnace, 
and the fire made up^ a copious evolution of gas commences ; and, 
after about half an hour, a white vapor of carbonate of soda is de- 
posited, which would seem to indicate, that the gas contained 
sodium. However, the receiver must not be attached to the bottle 
until a cold iron rod passed into the tube T is found to be covered 
with sodium. When the draught of the furnace is good, the sodium 
is disengaged rapidly, and the receiver becomes so hot that the 
condensed metal flows out of the open extremity, D, where it is 
received in an iron basin, L^ containiog coal tar naphtha. If^ after 
a time, the receiver should become stopped up, it is replaced by 
another, previously heated to about 400 or 500^ F. 

When this operation is well conducted, the sodium obtained is 

auite pure, and is not accompanied by those carbonaceous substances 
lat are so troublesome in the preparation of potassium. 

The operation should be conducted so rapidly that a charge of five 
pounds of the mixture may be worked off within about two hours. 

The temperature requisite for the reduction of carbonate of soda 
by means of carbon is not so high as has hitherto been supposed ; 
and, according to the opinion of Mr. Rivot, is not greater than that 
of the retorts in the centre of the zinc furnaces at the Yieille- 
Montagne. 

From the ease with which the operation is conducted, it might 
be supposed that by increasing the dimensions of all parts of th9 
apparatus used, much larger quantities of sodium may be obtained. 
However, Mr. Deville has found that there are practical objections 
to this course ; and, after many unsuccessful attempts to work large 
receivers, he has found that it is preferable to use, with a reduction 
apparatus five times as large as the mercury bottle, receivers of the 
same dimensions as in that case. 

In operating with large reduction vessels, the calcination of the 
mixture becomes more advantageous, if not indispensable. When 
the operation is made continuous, the mixture may be calcined as it 
u required, and introduced into the reduction vessel red hot. 

The vessels used for the continuous operation are drawn iron 
tubes, four feet long, six inches internal diameter, and about ^ inch 
thick. One end is closed by a } inch plate of iron, with a hole near 
one side, into which is screwed the dischaige tube that fits into the 
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reoeiTer. The other end of the cylinder is dosed by a movable 
iron plug, O, with a handle ; it is at this end that the mixtare is 
introduced. 

These tubes must be covered with a refractory lute, and an exte- 
rior envelope of baked clay, so as to be entirely protected from the 
direct action of the fire. 

The furnace in which the operation was condncted was an ordi* 
nary reverberatory furnace, in which the fireplace was divided into 
two parts by a small wall upon which the cylinders rested in the 
middle, while their ends were level with the outer walls of the fur- 
nace. The fuel was introduced through two ktend openings kept 
closed by the fuel upon a shelf outside the furnace. These openings 
are at such a height above the bars of l^e furnace, that there would 
be a space of a foot between the fuel and the tubes. The fuel used 
was a mixture of equal parts coke and coal. 

Upon the hearth of the furnace, the mixture for the preparation 
of sodium may be calcined in crucibles ; and, when the fhmace is 
worked continuously, the temperature becomes sufficiently high for 
working some reduction cylinders upon the hearth. 

Mr. Deville did not find the furnace which he used very well 
adapted for the production of potassium, and considers that it would 
be better if constructed after the manner of a puddling furnace 
described by M. Dumas. He is of opinion that there is no question 
as to the practicability of the production of sodium by a continuous 
operation, if the furnace is constructed in a suitable manner. 

The chloride of aluminimi was prepared by the method recom- 
mended by Gay-Lussac and Th6nard. Alumina, quite free from 
iron, was mixed with 40 per cent, carbon, and a small quantity of 
ooal, made into a paste, and decomposed at a red heat. The com- 
pact mass was broken into fragments, and introduced into an earthen 
retort This was placed in a furnace, and heated in redness, while 
a stream of dry chlorine was passed through the contents. At first 
a considerable amount of water was evolved from the aluminous 
carbon, which is very hygroscopic. When the chloride of alumi- 
num began to appear, an earthen funnel was fitted to the neck of 
the retort by means of asbestos and clay, and a bell-shaped vessel 
fitted in the same manner to the rim of the funnel. The chloride 
of aluminum condenses in this receiver, and, however rapid the 
stream of chlorine may be during the chief part of the operation, it 
is so completely absorbed by the aluminous carbon that the car- 
bonic oxide which escapes does not give any indication of chlorine. 
However, it contains a little chlorick of silicium, arising from the 
action of the chlorine and carbon upon the material of the retort; 
also^ some aluminum, and, perhaps, some chloro-carbonic acid. 
When the receiver is full of chloride of aluminum, it is removed, 
and replaced by another, and so on till the operation is finished. 

The amount of chloride of aluminum obtained fh>m 10 pounds 



of alntnina was rather more than 20 pounds. The carbonaceoos 
residue in the retort contained some alnmina, a considerable amount 
of alcaline chlmdea, and of the double chloride of aluminum and 
potassium. The residue was washed, mixed with a frestk quantity 
of alumina, and subjected to the same treatments 

In working the process upon a large scale, pitch was used as the 
carbonaceous substance ; instead of uie clay retort, an ordinary gas 
retort, and, instead of the bell vessel, a smidl brick chamber, cover- 
ed with glazed earthenware. 

The ammoniacal alum is calcined upon the hearth of the rever- 
beratory furnace, in which the sodium is prepared. After having 
been heated to redness, it is powdered and mixed with coal tar. 
The paste is introduced into crucibles carefully covered, and placed 
in the reverberatory furnace. When ike evolution of vapor ceases, 
the crucibles are removed, and, when it is possible, the aluminous 
carbon is used while hot. 

The stream of chlorine should be so adjusted as to avoid loss 
either by escaping from the joints of the apparatus or by being 
carried up the ehimney. 

Before commencing the operation, every part of the apparatus 
should be rendered perfectly dry by heating it. 

With regard to the utilisation of aluminum in the arts, Mr. 
Deville considers that the necessary condition is its production at a 
cost considerably less than that of silver. Owing to the difference 
in density, if aluminum and silver were of the same value, alumi- 
num would be only one-fourth as dear as an equal volume of 
silver ; and, for equal masses, the rigidity of aluminum is much 
greater than that of silver. 

The materials with which aluminum Is produced, even by the 
methods hitherto employed, are all obtamable at a small cost. 
Thus to produce about half a hundred-weight of aluminum, there 
would be required 

Chlorine 237 pounds, costing • .llS 50 

Alumina 114 ** '* . . 8 26 

Carbonate of Soda, 850 *" ** • • 18 25 

$30 00 

Which would render the cost of the materials for producing a pound 
of aluminum about fifty cents. 

With regard to the actual cost of the production of aluminum 
in these experiments, Mr. Deville states that he is unable to speak 
decisively ; and that the means of working at his disposal were so 
defective that the experiments made could not fumisn an exact in- 
dication with regard to this particular. 

However, he states that he was able to produce sodium at a cost 
of eighty-seven cents per pound, including only the cost of materi- 
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als, labor, fuel, and retorts. Tlie quantity of sodium made by Ifr. 
Deville at the Javel Works was from 330 to 440 pounds. 

The cost of the chloride of aluminum was about 37 cents a 
pound. Alumina was prepared from ammoniacal alum^ and coat 
as much as fifty cents a pound. The quantity <^ chloride of 
aluminum made was from 1100 to 1320 pounds. 

ALUMINUM AMD OXTGKH. 

Sesquioxide of Aluminum. Alt Os = 61-539. 

Sm. Alumina; Pure Clay, — Thb earth is yery abundant in 
nature. It occurs crystallized as the sapphire and ruby ; in a 
crystalline but more massive form, as corundum or emery ; and 
and as the chief ingredient of all clays, and of most slaty rocks, 
from which, indeed, clays are derived. Pipe-clay b the purest 
clay, but is not pure alumina, although approaching to it 

Pure alumina is best prepared as follows : — A solution of alum 
is precipitated by an excess of chloride of barium, by which means 
the sulphuric acid is separated, and chloride of aluminum is left 
in solution with the chloride of potassium and the excess of chlor- 
ide of barium. Alum (K O, SOs + AlaOs, 3 S0>) with 4 BaCl 
^elds 4 (Ba 0, S 03 ) + E CI + Ala Cls . On evaporation, water 
IS decomposed, and hydrochlorate of alumina is formed, AIs da 
+ 8 H = Ala Os, 3 H 01. When the dry mass is ignited, the 
hydrochloric acid is expelled, and the alumina is leR with the 
cnlorides of potassium and barium, which are removed by water. 

Pure alumina is a fine white powder, quite unalterable in the 
fire. When precipitated from its solution in acids by alcalies, it 
forms a very bulky gelatinous hydrate, which, when dried at 60^, 
isAlaOs, 6 HO; if dried at lOC^ it becomes Ala Oa, 3 HO. 
Dry or anhydrous alumina, mixed with water, forms a plastic 
mass, which admits of being moulded. This property is given to 
clay by the presence of alumina, and is the foundation of the art 
of making porcelain or earthenware. 

Alumina, after ignition, is almost insoluble in acids; but the 
hydrate readily dissolves in all strong acids, forming salts which 
have a peculiar astringent taste. 

Alumina is precipitated, as hydrate, from its solutions by potash, 
soda, ammonia, and their carbonates ; but the precipitate readily 
dissolves in an excess of the two first Sulphide of ammonium, 
which precipitates none of the previously described metallic oxides, 
causes m solutions of alumina a precipitate, which, however, is not 
a sulphide, but the hydrate of alumina precipitated by the ammo- 
nia or the test 

Besides the use of alumina in pottery, it is much used in dyeing 
and calico-printing, from its attraction for vegetable coloring mat- 
ters, and for the fibre of cloth. It forms a bond or union between 
the cloth and the dye, and fixes the latter on the former. It ia 



GLUommr. — TmiuM. 868 

said, in this, to act as a mordant, and is most generally used in the 
form of alum or acetate of alumina. When solution of alum is 
mixed with a coloriDg matter, and the alumina then precipitated hj 
an alcali, the hydrate carries with it all the coloring matter, or the 
greater part of it, and forms what is called a lake. The water 
color termed lake is merely a lake made with some pink dye stu£^ 
such as madder or logwood. ' Carmine is a lake of cochineal. 

ALUMINUM AND OHLORIin. 

Sesquichloride of Aluminum. Alt Cls = 133*81. 

This compound is prepared by passing chlorine gas over a mix- 
ture of alumina and charcoal, heated to redness in a tube. The 
chloride sublimes into the cold part of the apparatus. It forms a 
volatile crystalline mass, colorless or slightly yellow. It fumes in 
the air, and dissolves in water with much heat. It appears at first 
to combine with the water, forminfir a hydrated chloride, Ala CI a, 
3 H O ; but on beating this, hydrochloric acid is expelled, and 
alumina is left, Ab Ch, 3 H = Als Os, 3 H CI. The chloride 
is used for the preparation of aluminum. 

The sulphide oi aluminum is formed when sulphur is dropped 
on red-hot aluminum. It is a dark gray mass, which decomposes 
water, forming sulphuretted hydrogen and alumina, and hence its 
composition must be Ala Sa, If so, we have Ala Sa + 3 H =s 
Ala 3 + 3 H S. Similar compounds are formed with phosphorous 
and selenium. 

23. Glucihum. 23. Yttkium. 24. Thosiitum. 25. Zircohium. 

These metals, or rather their oxides, are all so rare as not to 
admit of any useful application. The oxides, which are glucina, 
yttria, thorina, and zirconia, only occur in a few rare minerals. 

Glucina occurs in the emerald and the beryl. Its composition 
is analogous to that of alumina ; and its formula is Ga Oa. It is a 
white powder, insoluble in water, soluble in acids, forming salts,, 
which have a sweetish taste. It resembles alumina very much, 
but differs from it in beinff soluble in solution of carbonate of 
ammonia. The metal, which may be obtained, like aluminum, 
from the chloride, bums with amazing splendor when heated in 
oxygen. 

Yttria, the oxide of yttrium, occurs in gadolinite, in yttrocerite, 
and in yttrotantalite. The pure earth is a white powder, which 
dissolves in acids, forming sweetish salts, from whicn yttria is pre- 
cipitated by alcalies ; but is not, like alumina and glucina, redis- 
solved by excess of potash or soda. It is, moreover, precipitated 
by ferrocyanide of potassium, which these earths are not. Yttria 
seems to be a protoxide of yttrium, Y O. The salts of yttria have 
often an amethyst color ; but the recent researches of Mosander 
seem to show that this is owing to the presence of the oxide of one 

28 
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of the new metak detected bj him, wbioh aeoompanj jCfefiam. B 
is probable tbat pure yttria is not yet known. 

Thorina is still more rare, and has only been found in one mill* 
eral — thorite. It is a white powder, resembling yttria. The metals 
thorinum, bums in air or oxygen, when heated, with great splen- 
dor. It also bums with sulphur and phosphorus, as do the two 
preceding metals. 

Zirconia is found in the zircon or hyacinth. It resembles 
alumina in appearance. It differs from idl the preceding earths 
in being precipitated as an insoluble subsulphate, when solutions 
of its salts are boiled with sulphate of potash. The metal, zirco- 
nium, resembles aluminum. The oxide is believed to be a 
sesquioxide Zra Oa. 

METALS. — CLASS IL 

ObDBB 1. MSTAXJB, THB PbOTOXIDSS 07 WHICH ARS POWXB- 

ruL Bases, but which do not Dboomfosb Water, vklmbb 
WITH THB Aid of a Bbd-heat. 

26. Mahgahesb. . Mnss27'7. 

This metal occurs in considerable abundance, chiefly as deutox^ 
ide or peroxide Mn Os, which is much used in the arts and in 
chemical manufiActures, as well as in the laboratory. The metal 
is obtained by making oxide of manganese into a paste with 
oil, and exposing this paste to a strong white-heat in a covered 
crucible, if the heat be high enough, a button of the metal is 
obtained. 

It is hard, brittle, very difficultly fusible metal, of a grayish- 
white color, 8p. G. 8*013. It tarnishes on exposure to the air, and 
is rapidly oxidized when heated. It decomposes water rapidly at 
a red-heat, hydrogen being disengaged. As a metal, it is not 
applied to any useral purpose. 

HANOABBSB ABB OZTGBN. 

a. Protoxide of Manganese. Mn Os= 35*713. 

This oxide is obtained when the peroxide is acted on by hpdro* 
gen f^B8 at a red-heat. But the best method is to heat to redness 
a mixture of 1 part of dry chloride of manganese, 1 part of sal 
ammoniac, and 2 parts of dry carbonate of soda. The chloride 
acts on the soda, Mn CI + Na = Mn O + Na CI ; forming oxide 
of manganese and chloride of sodium ; while the carbonic add 
escapes as gas ; the sal ammoniac is also expelled^ and its vapor 
serves merely to exclude the oxygen of the atmosphere. From the 
fused mass, water extracts the chloride of sodium ; and leaves the 
protoxide of manganese undissolved. 
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It is a powder of a pale grass-green odlorj vhidhi if prepared 
by hydrogen at a low red-heat, soon attracts oxygen from the ai^ 
and becomes brown. If it has been made» hpweveri at an ele«> 
yated temperatare, especially by the second process* it is more 
eompacty and keeps tolerably well. When heated in the air, it 
takes fire and bums. 

Protonde of manganese is a powerful base, neutralising acids 
and forming salts, which are eitlier colorless or ha^e a tinge of 
flesh color. Its solutiona give, with caustic alcalies, a. precipitate 
of hydrate, wluch is at first >rhite, but soon absorbs oxygen and 
becomes brown ; wiUi carbonated alcalies, a white precipitate of 
earb<Miate of manganese, which retains its whiteness till it is driedt 
when it becomes generally slightly fawn-colored. Sulphide of 
ammonium causes a flesh*colored precipitate of sulphide of man? 
ganese, which, in the air, absorbs oxygen and becomes brown. 
Chloride of soda or bleaching liquor causes a bulky dark brown 
precipitate of hydrated peroxide. The two last tests are charao* 
teristic. Ferrocyanide of potassium gives a white precipitate* All 
the salts of protoxide of manganese may easily be prepared from 
the carbonate, which again is most economically made from the 
chloride, the preparation of which wffi be described below. The 
sulphate is used m calico-printing. 

b. Sesquioxide of Manganese. Mnt 09=79*439. 

This oxide is left behind when the peroxide is ignited in pre- 
paring oxygen gas : 2 Mn Os = Mnj O3 + 0. it is a dark 
brown powder, very similar to the j)eroxide, but rather lighter in 
color, and yielding no oxygen when ignited. It is a feeble base, 
and is only known to combine with sulphuric acid, forming an 
amethyst-colored solution of sesquisulphate. With sulphates of 
potash and ammonia this salt forms manganese alums, wnich crys* 
tallise in dark purple octahedrons. When heated with sulphurip 
acid, it yields oxygen, and with hydrochloric acid, chlorine ; but 
less of either than the peroxide, (which see.) As some specimens 
oi peroxide are» naturally or accidentally, mixed with sesquioxide, 
the manufacturer finds it a source of inconvenience and loss. It 
occurs in a pure state as braunite, and combined with baryta 19 
psilomelan. Its hydrate is the mineral manganite. Its powder is 
dark brown. 

c. Hyperoxide or Peroxide of Manganese. Mn Os =43*726. 

Sth. DeiUoxide of Manganese. — This oxide is found in consid* 
erable abundance, and is known in the mineral kingdom as pyro- 
lusite. It generally assumes the form of a black shining mass 
composed of radiated groups of acicular crystals ; also in distinct 
crystals, which are right rhombio prisms ; and in the compact and 
even earthy state. Its powder is blacL When heated to redness. 
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k loses one-fourth of its oxygen, leaTinp; seaqniozide : 8 Ifn Osss 
MnsOs-l-O. In a white-heat it is said to lose half its ozjgen, 
leaving protoxide. Heated with oil of Titriol, it forms salphate oi 
protoxide, and half the oxygen is expelled: MnOa +H0, 8O3 
«:(MnO, HO, S03)-f 6. With hy^rochlorie acid it yields 
chlorine, chloride of manganese, and water: MnOs+2HCl=s 
CI -f Mn 01 -f 2 H O. It also yields chlorine when heated with 
common salt and snlphnric acid ; and this is the process commonly 
used by the mannfactarers of bleaching-powder ; Mn Oa-{* ^^ ^ 
+ 2H0, 803=(MnO,HO,S05) + (NaO,HO,S03) + Ol. 

It is further usea in glass-making to destroy the color given to 
the glass by protoxide of iron, which it converts into |)eroxide ; in 
larger proportion, to give glass an amethyst color ; and in niunerons 
operations in the laboratory, as a convenient oxidising agent. 

With water, peroxide of manganese forms a hydrate, MnOt« 
H O, which is obtained when salts of the protoxide are acted on 
by bleaching liquor, or when the acids of manganese are spontar 
neously decomposed. It is a beautiful brown powder, which is 
decomposed by heat. 

d. Manganic Acid. Mn Os =61*739. 

This acid has not been isolated. It is only known in combina* 
tion with bases, especially potash, in which state it forms the chief 
ingredient of the mass called chameleon mineral, formed by igniting 
peroxide of manganese stronci'ly with nitre, or, still better, by 
neating a mixture of peroxide, chlorate of potash, and caustic, 
potash. A dark green mass is formed, which is the chameleon 
mineral. The green color is a property of manganic acid and all 
its salts. The peroxide obtains oxygen from the nitre or chlorate 
of potash, and the acid, when formed, combines with the potash. 
Water dissolves the manganate of potash, forming a splendid 
emerald-green solution, which very soon begins to change color, 
and passes through bottle-green, blue, and purple, to a fine crim- 
son red, hydrated peroxide of manganese being at the same time 
deposited. The red color belongs to a salt of the next acid, per- 
manganic acid, (see below). The salts of manganic acid are 
decomposed if kept in solution, depositing hydrated peroxide. 

e. Permanganic Acid. Mnt O? = 111*491. 

The salt of this acid' with potash, permanganate of potash, is 
formed, when the chameleon mineral (see above) is dissolved in 
hot water. The green color of the manganate changes to red, 
while hydrated peroxide separates. 3 eqs. manganate of potash 
give rise to 1 eq. permanganate, 1 of peroxide, and 2 of free pot- 
ash: 3 (KO,Mn 63) = Mn 03+ (KO,Mn.07)+2KO. Wlien 
the red solution is sufficiently evaporated, it deposits small dark 
bronxe-colored crystals of permanganate of potash. 
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Tits salt ifl more permanent than the mangtoate ; but when ire 
attempt to isolate the acid, it is rapidly aecomposed, yielding 
hydrated peroxide and oxygen gas : MnaOTs? 2 Mn 02 4* Os. 

The name of chameleon mineral was given to the compound 
above described from its singular changes of color. Both the 
above acids possess and communicate to their salts very beautiful 
colors; but thev cannot be used in dyeing, &c,, because these 
acids are so easily decomposed, especially by the contact of organic 
matter. They ought to be filtered through asbestos when they 
require filtration. 

f. Red Oxide of Manganese. Mns O4 = 116* 152. 

This oxide occurs in nature, and mav be obtained when any 
other oxide of manganese is strongly ignited in an open crucible. 
It is very permanent in composition ; its color is reddish-brown. 
It is not supposed to be an mdependent oxide of the metal, but 
rather a compound of two other oxides. It may be either Mn 
+ MnaOa, or Mn Os-f* 2 Mn O, and it is not easy to say which. 

g. Varvicite. Mn4 Oi = 166*8. 

This is another oxide, found native in Warwickshire, whence the 
name. It resembles the peroxide, but is really distinct. It k 
probably a compound of two others, MnaOa-f* 2 Mn Oa. 

MAMOAUXSB AKD CHLORINE. 

a. Protochloride of Manganese. Mn CI sb 63*15. 

This salt is best obtained by the following process : — The solu 
tion formed in the preparation of chlorine by means of peroxide 
of manganese and hydrochloric acid, which is generally a mixture 
of chloride of manganese and more or less perchloride of iron, is 
first rendered neutral by gently evaporating it to dryness. It is 
then redissolved, and a portion of it precipitated by carbonate of 
soda, which throws down a mixture of peroxide of iron and car- 
bonate of manganese : Mn CI 4* Fea CI3 , acted on by 4 (Na O, C Os ) 
yield (Mn O, COs + Fea03+ 4Na C1 + 3 COa. The precipi- 
tate is well washed, and then bdled with the rest of the solution, 
when the oxide of manganese in the precipitate acts on the per- 
ehloride of iron in the solution, producing chloride of manganese, 
which dissolves, and peroxide of iron, which separates : 3 (Mn 0, 
COa)-f FeaCl3 = 3MnCl-f-Fea03 + 3C0a. The filtered 
liquia is free from iron, if we have hit the proportion ri^lit ; if not, 
a second operation with a smaller portion of the liquid will com- 
plete the purification. The pure solution is evaporated to drvness 
u a retort, and there fused. On cooling, the protochloride forma 
a pink crystalline mass. Iron is the ordinary impurity to be 
removed ; but if other metals be present, they^ire to be got rid 
of by appropriate means. Thus, if cobalt and nickel are present^ 
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which thej geaenllj are in sBmll quantitjr, the addiUon of sol- 
phide of ammonium, as long as it causes a dark predpitate, or 
till it produces the pure flesh-color characteristic of manganese, 
will remove them. The chloride of manganese is used for pre- 
paring, by the action of an alcaline carbonate, pure carbonate of 
manganese, from which all other salts of manganese may be 
obtained. 

b. Perchloride of Manganese. Mns Ch = 303*19. 

This compound, which corresponds to the permanganic acid, is 
formed, according to Dumas and Wohler, when permanganate of 

S^tash is heated along with common salt and sulphuric acid : K O, 
na07 + 7NaGl + 8S03sKO, SOa + 7(NaO, 80s) + 
Mns OIt. It is a greenish-brown volatile liquid, which is instantly 
decomposed by contact with moist air, forming a dense cloud of a 
pink cokv. Here water is acted on, and the products are hydro- 
chloric and permanganic acids : Ifna dt -{- 7 H O ss Mna Ot -f* 
7Ha. 

c. Perfluoride of Manganese* Mns Ti = 186-46. 

When mineral chameleon (or better, permanganate of potash) 
is acted on by sulphuric acid and fluoride of calcium (fluor-spar) 
with the aid of heat, a ^eenish-yellow gas or vapor is disengafle<C 
whiich, with mobt air, instantly becomes red. It acts powerfully 
on glass. Its composition seems to correspond to that of the pre- 
ceding compoond, and its production is to be explained in the same 
w^, substituting fluoride of calcium for chloride of sodium. — 
( Wdhler.) 

d. Protosulphide of Manganese. Mn 8 es 43-79. 

This compound is found native. It may be formed by passing 
a current of sulphuretted hydrogen over sulphate of manganese 
at a red-heat. The sulphuric acid of the sulphate is expelled, and 
the protoxide is acted on by the sulphuretted hydrogen : Mn + 
H 8 3s= Mn 8 + H O. It is nearly black in color, and dissolvei 
readily in dilute hydrochloric and other acids, with disengagement 
of sulphuretted hydrogen : Mn 8 + H CI « Mn 01 + H 8. The 
flesh-colored precipitate formed in salts of protoxide of manganese 
by sulphide of ammonium, or any other soluble sulphide, is a 
hydrated protosulphide of manganese : Mn 8, H 0. 

37. Ibov. Fess98. 

This important and useful metal occurs very abundantly in 
nature. It is occasionally found in the uncombined state in 
masses, most probably of meteoric origin : but its most common 
form is that of oxide, frequently uncombined, frequently also com- 
bined with carbonic acid. It is found, likewise, abundantly as 
sulphide. There is hardly a rock, a soil, or a mineral which does 
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not contain some proportion, generally a small one, of oxide of 
iron : and the carbonate is a frequent ingredient in mineral waters, 
irhich are then termed chalybeate waters. 

The chief ores of iron are — 1. Clay iron stone, which is a 
more of less pure carbonate of protoxide, generally containififf 
carbonates of lime and magnesia ; it accompanies coal beds both 
in England and in Scotland. 2. Red hematite, which is pure per- 
oxide or sesquioxide of iron ; and brown hematite, which is 
hydrated peroxide. 3. Black or magnetic oxide of iron. 

From its ores iron is obtained by heating them in furnaces, in 
the upper part of which the ores are stratified with coal, lime, and 
sandstone. The carbon of the coal, at a red*heat, reduces the 
iron to the state of metal, while thousand and lime act as a flux« 
and form a liquid slag, through which the melted iron falls to the 
lower part of the furnace, where it is drawn off. The slag is 
drawn off separately after the iron, and on cooling is found to be 
a mixture of silicates of lime and magnesia with a little iron. 

The iron thus obtained, which is called pig iron or cast iron, is 
not pure, containing some unreduced ore, or earthy matters, and 
a good deal of combined carbon. It is far more fusible than pure 
iron, but also far monre brittle. To convert it into pure or mallea- 
ble iron, it is melted and exposed to a current of air, which grad- 
ually bums off the carbon. The mass is well stirred, and the 
other impurities rise to the surface as slag or dross. By degree! 
the metal becomes less fusible, and the heat must be increased^ 
till at last, with the strongest heat, the metal continues solid. It 
is then well hammered while hot, by which it is still further puri- 
fied, and rendered more dense. It is not yet absolutely pure, 
containing about -j-jper cent, of carbon, and a trace of silicon. A 
yery good test of tne purity of iron is its ductility. Unless very 
pure, it cannot be drawn out into fine wire. 

If perfectly pure iron is wanted, the filings of malleable iron 
shoula be fused with one-fourth their weight of black oxide of 
iron, and some green glass to act as a flux. Or pure oxide of 
iron may be reduced to the metallic state by passing a current of 
hydrogen gas over it at a red-heat. The metal remains as a 
spongy mass. 

Pure iron has a gray color, and strong lustre when polished. It 
is very ductile, moderately malleable, and remarkably tenacious. 
It is hard at common temperatures, but at a red-heat it is so soft 
that it may be beaten into any form, and even admits of being 
welded ; that is, two pieces of iron being heated red-hot, may be 
by hammering, so incorporated into one, that no joining is percep- 
tible. Its Sp. G. is 7-7. It is very infusible, requiring the very 
highest temperature of a wind furnace to melt it. 

Iron is attracted by the magnet, and may itself be rendered 
permanently magnetic by various means. 
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The attraction of iron for oxygen is very powerful, and wben 
exposed to air and moistare it rusts rapidly, forming oxide of iron. 
M^Den heated to redness in air, iron is very quickly covered with 
a crust of black oxide, which scales off under the hammer. If 
heated to redness in oxygen, or to whiteness in the air, it bums 
with vivid scintillations. To secure the result in the air, the white- 
hot metal must be exposed to a current of air from a bellows, or 
rapidly whirled round. Iron decomposes water rapidly at a red- 
heat. 

IRON AND OXTOSN. 

a. Protoxide of Iron. Fe O = 36*013. 

This oxide is a powerful base, almost unknown in a separate 
state, owing to its tendency to attract an additional quantity of 
oxygen. It combines with acids, forming salts, which have een- 
eraily a pale bluish -green color, although some are colorless. 
Several of these salts are of ^eat importance in medicine and in 
the arts, particularly the sulphate of iron, or green vitriol. 

The solutions of these salts ^ive with alcalies, when no trace of 
peroxide is present, a bulky white precipitate of hydrated protoxide 
of iron, which soon becomes green, and lastly brown, being con- 
verted into peroxide by absorbing oxygen from the air. They 
give a similar precipitate, not more permanent, with carbonated 
ilcalies, which at first is hydrated carbonate of protoxide ; but as 
oxygen is absorbed, the carbonic acid is given off, peroxide of iron 
havmg no affinity for that acid. With ferrocyanide of potassium 
they give a pale blue, or rather a white precipitate, which gradu- 
ally becomes dark blue; and with ferridcyanide of potassium 
(red prussiate) a deep blue precipitate of Prussian blue. These 
salts are not affected by sulphuretted hydrogen, sulphocyanide of 
potassium, meconic acid, or gallic acid. Sulphide of ammonium, 
and soluble sulphides produce a black precipitate of sulphide of 
iron. 

The salts of protoxide of iron, for the most part, attract oxygen 
from the air and from other bodies, passing into salts of the per- 
oxide. Hence they act in some cases as deoxidizing agents. Gold 
is completely reduced from its solutions by protosulphate of iron. 

b. Sesqaioxide of Iron. Fes Os = 80*039. 

S7N. Peroxide of Iron, — This oxide is found native, as red 
hematite and specular iron ore ; and hydrated, as brown hematite. 
It may be prepared artificially by calcining pure, dried green 
vitriol ; when the protoxide is oxidized at the expense of the sul- 
phuric acid, and water, along with sulphuric and sulphurous acids, 
is expelled : 2 (Fe O, H 0, S Oa) = Fes Os -f 2 H -f 8 Oa + 
S O3. A red powder is left, which is peroxide of iron, and in this 
form it is used for polishing plate, as jewelers' rouge, or colcothar 
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of vitriol. Hydrated peroxide of iron is obtained by precipitatii^ 
a solution of persulphate of iron or perchloride of iron by an akali, 
whether caustic or carbonated. When protosulphate of iron is 
precipitated by an alcaline carbonate, the precipitated protocarbon- 
ate, during the process of washing and arying» loses its carbonio 
acid, aod attracts oxygen, becoming hydrated peroxide. This, 
when dry, is a brown powder, -used in medicine under the errone- 
ous name of carbonate of iron. In the moist state it is the only 
known antidote to arsenious add. 

Peroxide of iron is not magnetic. It is a base, although not a 

Powerful one, forming, with acids, salts which are either yellow, 
rown or red. The solutions of such salts or persalts of iron, as 
they are called, are very easily recognixed. They give, with caus- 
tic or carbonated alcalies, a brown precipitate of hydrated peroxide; 
with ferrocyanide of potassium, a deep Prussian blue ; with ferrid- 
cyanide of potassium, no precipitate ; with sulphocyanide of pot* 
assium, or with meconic acid, a blood-red color ; and with tannic 
acid (or tannine) and gallic acid, a bluish-black color (ink.) 
Sulphuretted hydrogen causes a white precipitate of sulphur, while 
the peroxide is reduced to protoxide ; sulphide of ammonium 
causes a black precipitate of sulphide of iron. These tests are so 
delicate and so uniform, especially those of ferrocyanide of potas- 
sium, sulphocyanide of potassium, and tannic acid, or infusion of 
galls, that it is always best, in testing for iron, to convert any 
protoxide that may be present into peroxide ; which is easily done 
by boiling the solution with a little nitric acid. 

c. Magnetic Oxide of Iron, Fes O4 = 116-052; and Fe4 O5 = 152065. 

This oxide is a native ma^et, or lodestone, which is a heavy 
black mineral, strongly attracting iron filings, or steel. It is be« 
lieved to be composed of protoxide and peroxide, and the native 
magnet is generally supposed to be Fea O4 =FeO-f-Fe3 O3. 
There is reason, however, to believe that another kind of magnetic 
oxide exists, which is Fe4 O5 = 2 Fe + Fea O3. At all events, 
both of these compounds may be formed artificially, and both are 
magnetic as well as permanent ; not absorbing oxygen, or passing 
into peroxide. To prepare the former, take 2 parts of green vit* 
riol; dissolve it in water, and convert it into persulphate by boiling 
with nitric acid ; then mix the solution with the solution of 1 part 
of the unaltered green vitriol, and precipitate the hot liquid by 
ammonia. A green precipitate falls, which is to be washed and 
dried. The second magnetic oxide is prepared in the same way, 
only converting into persulphate 1 part of ^een vitriol instead of 
2 parts. The precipitate is black, if made m the liquid while hot. 
It is evident tnat m the latter case the quantity of iron, in the 
forms of protoxide and peroxide will be equal : in the former the 
quantity of iron in the peroxide will be double that in the protoxide. 
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ft 48 to yield the above formulaB. Magnetic oxide of iron it 
altfo formed when iron is heated red-hot and hammered. The 
black scales which separate (smithy ashes) are magnetic. The 
same oxide is prodnoed when the vapor of water is passed over 
iron at a red-heat, hydrogen being disengaged. It is used in 
medicine. 

When black oxide of iron is dissolved in acids, both protoxide 
and peroxide are present. The latter may be precipitated by 
digestion with carbonate of lune, after which the former can be 
detected in solution. 

d. Ferric Acid. Pe O3 == 62-039. 

Brecent researches have established the existence of this oom- 

Sound, which corresponds to manganic acid. It is very easily 
ecomposed, and is hardly known in a separate state. Ferrate of 
potash may be obtained in solution by igniting oxide of iron with 
nitre, or by passing chlorine through aqua potassss in which per- 
oxide of iron is suspended. The solution has a very fine and 
intense purple color, which, however, is not very permanent. 

nOK AND CHLORINX. 

a. Protochloride of Iron. Fe CI = 63-47. 

This compound is formed when dry hydrochloric acid gas is 
passed over iron heated to redness, hydrogen gas being disen- 
gaged : Fe + H CI a= Fe CI 4* H. It appears as a white crystal- 
fine solid, volatile in a very high temperature. It dissolves 
readily in water, forming a pale green solution, which yields on 
Evaporation crystals of the same color. These contain water of 
cryatallization. The characters of this solution, its color, taste, 
and reactions, are so exactly those of a solution of a salt of prot- 
oxide, that there is good reason to conclude that the chloride, in 
dissolving, decomposes water^ forming protoxide of iron and 
hydrochloric acid. 

b. Perchloride of Iron. Fes Cls =s 162*35. 

Snr. Sesqmchloride of Iron ; Fermuriaie of Iron, — It is formed 
when chlorine gas is passed over iron heated to a temperature 
below redness, when it appears as red iridescent scales, volatile at 
a temperature a little beyond 212^, and soluble in water, alcohol, 
and ether. A soluti<Mi of the perchloride is easily obtmned by 
dissolving peroxide of iron in hydrochloric acid : Fea O3 + 3 H CI 
sa Fea CI 3 + 3 H O. When evaporated to the consistence of 
syrup, and cooled, it forms red crystals, which contain water of 
crystallization. When heated, they are partly decomposed, per* 
oxide being formed, and hydrochloric acid passing off, in conse- 
quence of the action between perchloride of irmi and water. As 
perchk>rid<e of iron is a volcanic product, it is probably in this 
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Vay tbat tbe crystals of peroxide, found m rolcanic districts, ba?e 
been formed, rerchloride of iron is mucb used in medicine. 

IRON AND lODINX. 

a. Protoiodide of Iron. Fe 1=: 154*3. 

Wbeo iron filings and iodine, in atomic proportions, are brongbt 
in contact under water, tbey rapidly combine, with considerable 
beat, and tbe resulting iodide dissolves in tbe water. The whole 
is boiled with a slight excess of iron for a short time, and the 
pale green filtered solution rapidly boiled down in a Florence 
flask, till on cooling it becomes solid. The solid mass of iodide is 
broken up, and kept in very closely-stopped bottles. It forms a 
dark gray crystalline mass, which is very soluble in water, and 
forms a pale green solution ; the solution, which is much used in 
medicine, attracts oxygen rapidly from the atmosphere, and is 
decomposed* iodine escaping, and peroxide being deposited. It is, 
therefore, necessary to prepare it extemporaneously, or to keep it 
in small, tightly-corked bottles, with a portion of clean iron wire 
in each. 

b. Periodide of Iron. Fei Is ss 434*9. 

This compound is made by causing an excess of iodide to act 
on iron wire, and subliming the dry mass left after gently evap- 
orating to dryness. It is a volatile deliquescent body, of a reil 
color, soluble in water and alcohol. 

The bromides of iron are analagous'to the chlorides and 
iodides; and the fluorides correspond in composition^ but ace 
sparingly soluble in water. 

IRON AND SULPHUR. 

a. Protoaulphide of Iron. Fe S := 44* IS. 

This suJpbide is prepared by heating ir<m filings with sulphur 
in atomic proportions, when they combme with evolution of neat 
and light. Or a bar of iron may be heated to whiteness in a 
forge, and a stick of roll sulphur applied to the hot metal, which 
is instantly perforated, while the sulphide falls to the ground in 
melted globules, having* a yellowish color and metallic lustre. 
Prepared by the first process, it is partly in crystalline grains, 
partly in the form of a black powder. It is used for procuring 
sulphuretted hydrogen sas, which is formed when the protosul- 
phide is dissolved in hyorochloric or sulphuric acid : Fe S -f- H 01 
«FeC14-HB. 

b. Sesquisulphide of Iron. Fes Ss s 104*36. 

It is formed by the action of hydrosulphurie acid (sulphuretted 
hydrogen) on peroxide of mm, at a heat not above 212^, as a 
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yellowisb-gray powder ; or bj adding perchloride of iron to i 
excess of sulphide of ammoniam^ as a black powder, rapidly oxid- 
ized by exposure to the air. 

c. Bisulphide of Iron. Fe St = 60*24. 

Stn. Inm Pyrites, — This is a very abundant mineral* of a 
yellow color and metallic lustre, crystallizing in cubes or octahe- 
drons. When heated in close vessels it loses nearly half its sul- 
phur, which may be collected, magnetic pyrites being left. Iron 
pyrites is often contaminated with arsenic, which accompanies the 
sulphur, and is found in the sulphuric add made from it 

d. Magnetic Pyrites. Fe« St =s 280*7* 

This also occurs in nature, and is attracted by the magnet It 
dissolves in acids, yielding sulphuretted hydrogen and a residue 
of sulphur. 

Arfwedson has formed two other sulphides, the ^tetrasulpbide 
Fe4 S, and the disulphide Fes S, which have no ptirticular interest 

Diphosphide of iron is an ingredient in some kinds of iron, and 
has the bad effect of rendering it cold short, that is brittle at 
common temperatures. 

IRON AND OABBON. 

Iron forms with carbon two distinct compounds, the precis^ 
composition of which is unknown. These are cast iron ana steeL 

Cast iron is obtained in the process for extracting iron from its 
ores. It occurs in two forms, white and gray. Both fuse far 
more readily than pure iron. White cast iron is very hard and 
brittle ; it contains about 5 per cent, of carbon. Gray cast iron 
is softer and tougher ; it contains between 3 and 4 per cent of 
carbon, in part uncombined. 

Steel contains from 1*3 to 1*75 per cent, of carbon. It is less 
fusible than cast iron, and is much harder, more elastic, and more 
sonorous than pure iron. It is made by cementation : diat is, 
alternate layers of iron and charcoal are placed in a closed cham- 
ber and heated to redness for several days, during which time a 
gradual combination takes place. 

28. Zinc. Zn = 32*3. 

This metal is found in considerable abundance* It occurs, as 
sulphide, in zinc blende ,* and as carbonate of the oxide in cala- 
mine. To obtain the metal, the sulphide is roasted in the air till 
the sulphur is burnt off and the zmc converted into oxide ; or, 
what is preferable, the carbonate is heated till all the carbonio 
acid and water it contains are expelled, leaving oxide of zinc 
The oxide is now mixed with charcoal and the mixture distilled in 
s^torts, or in crucibles, closed at the top, but having a tube open 
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at both ends fitted into the bottom, and reacliing» within, nearly 
to the cover. The oxide is reduced by the action of the charcoal 
at a full red-heat, and the metal being volatile, distils over and is 
condensed in water. 

Zinc has a bluish-white color and bright lustre, and tarnishes 
slowly on exposure to the air. Its Sp. G. is about 7. It is brittle 
at 6rdinary temperatures ; but, between SfiO^ and 300^, it is both 
malleable and ductile, and may be rolled or hammered into sheets 
of considerable thinness. It melts at 773° (Daniell), and at a 
higb red or white-heat sublimes or distils unchanged in close 
vessels. Heated strongly in air, it takes fire and bums with a 
beautiful white ligbt, forming oxide of zinc. 

ZINO AMD OXTOKV. 

Protoxide of Zinc. Zn O r= 40*313. 

The oxide which is formed when zinc is burned in the air is the 
only compound of these elements. It may also be obtained by 
heating the carbonate to redness, or by precipitating the sulphate 
of zinc by a caustic alcali, in which latter case we obtain a bulky 
gelatinous hydrate of the oxide. Oxide of zinc is a fine white 
powder, insoluble in water, but very soluble in acids, which it 
neutralizes, bemg a verj powerful base, of the same class as 
magnesia. 

Solutions of oxide of zinc are recognized by the following char- 
acters. Caustic alcalies produce a bulky white precipitate of 
hydrate, soluble in an excess of the alcali. The alcaline carbon- 
ates precipitate a bulky white carbonate of zinc, permanent when 
carbonate of soda or potash is employed, but soluble in excess of 
carbonate of ammonia. Sulphuretted hydrogen has no action if 
the solution be acid ; but if it be quite neutral, forms a white 
precipitate of hydrated sulphide of zinc, which is best formed by 
sulphide of ammonium. Ferrocyanide of potassium also causes a 
white precipate. 

Chloride of Zinc. Zn CI = 67-75. 

This compound is formed by the action of chlorine on zinc, or 
by dissolving zinc in hydrochloric acid, when hydrogen is evolved : 
Zn +• H CI = Zn CI +• H. The solution is evaporated to dryness, 
wd sublimed in a current of hydrochloric acid gas. It is white, 
semi-solid, very fusible, volatile at a red-heat, and highly deli- 
quescent. It was formerly called butter of zinc. 

Iodide of Zinc. Zn I = 168*6. 

« 

When iodine is acted on by excess of zinc under water, an 
energetic combination takes place, and a colorless solution is 
obtained which, in evaporation, leaves a deliquescent mass, very 
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analoffpns ta the chloride, and eiipaUe of b^i^ sidiGmed in 

crystcus* 

The bromide and fluoride of zino are little known. 

Sulphide of Zinc. Zn S = 48*4. 

Sulphide of zinc occurs native, under the naiae of zino blende, 
in dodecahedral crystals, which are sometimes yellow, sometimes 
red, brown, or black. It may be formed by heating oxide of zinc 
with sujphur, or sulphate of zinc with charcoal, in a closed 
crucible : Zn 0, S O3 + C4 ==4 C + ZnS. 

29. CADirmM. Cd:=55*8. 

This metal occurs, in the form of carbonate, as an ingredient in 
various kinds of calamine or carb(mate of zinc It is also found 
in the form of sulphide, as the rare mineral ffreenockite, and to 
the extent of 5 per cent, in some kinds of sulpoide of zinc. The 
metal is, in all its relations, very analogous to zinc, and is ahnost 
invariably found associated with it. 

When an ore of zinc, containing cadmium, is treated as above 
described, to obtain the zinc, the first vapors that distil over, 
which are known as the brown blaze, contain the cadmium, and 
are separately collected. * To purify it from zinc, it is dissolved in 
an acid, and the solution acted on by a piece of zinc in a platinum 
vessel. The cadmium is reduced and adheres to the platinum, the 
anc being dissolved in its place. When well washed, the cad- 
mium may be dissolved off by nitric acid. Or the acid solution 
of both metals may be precipitated by sulphuretted hydrogen, 
which throws down cadmium and not zinc. The sulphide of cad- 
mium is then dissolved in nitric acid. From this solution alcalies 
throw down oxide of cadmium, which is reduced exactly like 
oxide of zinc. 

Cadmium is in appearance similar to tin, but is harder and 
more tenacious. It is both malleable and ductile. Its Sp. G. is 
8*6. It melts at about 450**, and boils at a temperature not a 
great deal higher than the boiling point of mercury. When 
strongly heated in the air, it bums, forming oxide. Like zinc, 
it forms only one oxide, chloride, sulphide, &c. 

Oxide of Cadmium. Cd O = 63*813. 

The oxide is best prepared by heating the carbonate to redness. 
It is an insoluble orange powder, which is a strong base, neutral- 
izing acids. Its salts are easily recognized by the following tests. 
Caustic alcalies cause a white, bulky precipitate of hydrated 
oxide, which dissolves in excess of ammonia. Sulphuretted 
hydrogen produces an orange precipitate of sulphide of cadmium. 

The chloride and iodide of cadmium are white fusible com^ 
pounds. 
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The sulfAiide 4if oadmimn is an CH^ange-yellow powder, toluUe.^ 
in nitric acid, and distingaisbed from yallow sulpnide of ar8«nic» 
by being insoluble in caustic potasb, and fixed in the fire. 

80. TiH. Sn=67'9. 

This important metal occurs in Cornwall and in Saxony, in the 
form of oxide, from which the metal is obtained by heating with 
charcoal. 

Tin is a white metal, with a very high lustre, which is very 
little tarnished by exposure to the atmosphere. It is very mal- 
leable, yielding leaves (tinfoil) not thicker than j-f^^ of an inch. 
It is soft, and when bent in the fingers makes a peculiar noise. 
Its Sp. O. is 7*2. It melts at 442^, and if heated to whiteness in 
air, it takes fire and bums with a white flame, forming peroxide 
«f tin. 

TIH Aim OXTQiXS, 

a. Protoxide of Tin. Sn O = 65-913. 

This oxide is prepared by adding an alcalioe carbonate to a 
solution of protocnloride of tin, when a bulky white precinitate is 
formed of hydrated protoxide of tin. *- This is washed witn warm 
water and c&ied at a beat not above 196®. The dry hydrate is 
now heated to redness in a current of carbonio acid gas, and the 
anhydrous protoxide is left. 

Protoxide of tin is a dense black powder, which has so strong an 
attraction for oxygen, that if toucbed with a red-hot body, it takes 
fire and bums into peroxide. It dissolves in acids, forming salts 
which absorb oxygen with avidity, and reduce the oxides of silver, 
mercury, and platinum to the metallic state, if added to their sola** 
tions. With solutions of gold, salts of protoxide of tin produce a 
purple precipitate, the purple of Cassius ; &o that salts of gold and 
salts of protoxide of tin are mutually tests for each other. Salts 
of protoxide of tin mve, with sulphuretted hydrogen, a black pre* 
cipitate of protoeulphide of tin. 

b. Sesquioxide of Tin. But 0» s= 129-839. 

When moist hydrated peroxide of iron is mixed with a neutral 
solution of protochloride of tin, an exchange takes place, and a 
bulky precipitate of a gray color is formed, which is a hydrate of 
sesquioxide of tin : Fea O3 + 2 Sn CI = Sna Oa +2 Fe CI. The 
sesQuioxide is soluble in acids and in ammonia, the latter character 
distiD^shing it from the protoxide. Its solution in hydrochloric 
acid lorms, with chloride of gold, the purple of Cassius ; and 
seems, indeed, better adapted for making it than the protoxide. 

c. Peroxide of Tin. Sn Ob » 73*920. 

This oxide exists in two distinct modifications : -—1. If made by 
ihe action of nitric acid on tin, which is very violent, it appear* 
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as a dense white opaque powder, which is a hydrate, insohihle 
in water or acids. 2. If prepared hj adding potash to perchloride 
of tin, it forms a very bulky hydrate, readily soluble in acids and 
als p in alcalies. It seems rather to possess the characters of a 
weak acid than of a base. It is recognized in its solution in acids, 
by forming with alcalies a bulky white hydrate, readily dissolved 
by excess of potash or soda, and by yielding, with sulphuretted 
hydrogen, a dirty yellow precipitate of bisulphide of tin. When 
melted with glass, peroxide of tin renders it opaque, forming a 
white enamel. 

tnr AHD oHLOBim. 

a. Protochloride of Tin. Sn 01=93-37. 

This chloride is formed when chlorine gas is passed over metal- 
lic tin moderately heated, when hydrogen is given off. When dry 
it is a gray solid, fusible below redness. Tin dissolves in hydro- 
chloric acid, and the concentrated solution deposites acicular crys- 
tals, which are a hydrated chloride : Sn 01 + 3 H O. When heated, 
they give off water and hydrochloric acid, while protoxide is left : 
Sn 01 + 3H := Sn O + H 01 + 2 HO. The addiUon of a large 
quantity of water decomposes these crystals, causing the formatioii 
of an insoluble white powder, which is a compound of oxide and 
chloride with water. The solution of protochloride of tin, made 
by digesting an excess of tin in hydrochloric acid as long as hydro- 
gen is given off, is much used as a deoxidizing affent. It is appar- 
ently resolved into bichloride and metal, 2 Sn 01:= Sn 01s + Sn ; 
and the latter, probably, is the true agent in deoxidizing. It is also 
used for making the purple of Oassius 

b. Perchloride of Tin. Sn Olt = 128-74. 

When protochloride of tin is heated in excess of chlorine ffas, or 
when 8 parts of tin powder are distilled with 24 of bichlonde of 
mercury, a volatile fuming liquid is obtained, formerly known as 
the fuming liquor of libavius, which is bichloride of tin. It is 
obtained in solution by dissolving tin in nitro-hydrochloric acid of 
moderate strength, adding small portions of tin at a time ; also by 
forming a solution of protochloride, and passing chlorine through 
it, or heating it gently with a little nitric acid. It is much used in 
dyeing as a mordant. 

The protoiodide of tin is a brownish-red fusible solid, dissolving 
in water ; the periodide forms silky yellow crystals. 

TIN AND SULFHUB. 

a. Protosulphide of Tin. Sn S ss 74. 

This compound is formed by pouring melted tin on its own 
weight of sulphur, and stirring well. The mass is then powdered* 
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mixed with more sulphur, and thrown by degrees into a red-hot 
crucible, by which means the whole of the tin is sulphurized. It 
forms a bluish-black brittle solid, having metallic lustre. It is also 
formed when sulphuretted hydrogen acts on solutions of protoxide 
or protochloride of tin. 

b. Persulphide of Tin. Sn Se = 90*1. 

This sulphide, formerly called aurum musivum, is prepared by 
heating to low redness, in a retort, a mixture of 2 parts peroxide 
of tin, 2 of sulphur, and 1 of sal ammoniac. The sulphide is left 
in the form of golden-yellow scales, haviog a metallic lustre. It is 
soluble in potash. It is also formed as a dirty-yellow bulky 
hydrate by the action of sulphuretted hydrogen on solutions of 
peroxide or perchloride of tin. 

31. Cobalt. Co = 29-5. 

This metal occurs pretty abundantly, generally combined with 
arsenic, and associated with nickel and iron. A trace of it is 
always found in meteoric iron. To obtain the metal from the arse- 
niuride, the ore, finely powdered, is gradually added to 3 parts of 
bbulphate of potash, melted in a moderate heat, and gradually 
increasing the fire, till no more white fumes appear. The mass, 
when cold, is powdered and boiled with water as long as anything 
is dissolved. The solution is free from arsenic, and contains sul- 
phate of protoxide of cobalt It is precipitated by carbonate of ' 
soda, and the washed precipitate acted on by oxalic acid, which 
forms an insoluble pink powder of oxalate of protoxide of cobalt. 
Should iron be present, it forms a soluble compound with the 
oxalic acid, provided it has been brought into the state of peroxide 
by boiling tne solution with a little nitric acid before precipitating 
with carbonate of soda. The only impurity now likely to be pres- 
ent is nickel, and to separate this, the oxalate is dissolved in an 
excess of ammonia, and the solution exposed to the air in a deep 

flass vessel. As the ammonia evaporates, the nickel is deposited 
if present) in the form of a pale-green insoluble double oxalate 
of mckel and ammonia, while the cobalt remains dissolved, forming 
a port-wine-colored solution. This being digested with excess of 
potash, yields a dark brown precipitate of pure peroxide of cobalt. 
This is again dissolved in hyarochloric acid, the solution precipi- 
tated by caustic potash or carbonate of soda, and the precipitate 
converted into oxalate, which is now quite pure ; and tne oxalate 
being heated to whiteness in a closed crucible, with a small 
aperture for escape of gas, leaves a button of pure metallic cobalt. 
The oxalate of cobalt, Co 0, Ct Os, is resolved by the heat into 
carbonic acid and metal : Co 0, Cs O3 s^s Co + 2 C Ot . 

Cobalt is a metal of a reddish-gray color, rather brittle and very 
infusible. Its Sp. G. is 7*6. It is attracted by the magnet. At a 
red-heat it decomposes water, hydro^n being disengaged. 

24 
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CX>BALt AHD QXTOSH. 

a. Protoxide of Cobalt Co O =s 37*618. 

Obtained by calcining carbonate of cobalt in close yessels, as 
an ash-gray powder, fi is a strong base, and forms, with acids, 
salts which are either pink or blue. Zaffire and smalt, which are 
so much used for painting blue on porcelain, and by the paper- 
makers to correct the yellow tinge of their paper, are silicates of 
this oxide. The solutions of its salts are precipitated by caustic 
alcalies, which form a blue hydrate, gradually changing to green» 
soluble in excess of ammonia. Carbonates produce a luac-colored 
precipitate of carbonate of cobalt Sulphuretted hydrogen pro- 
duces no change : the sulphide of ammonium produces a bhu^ 
sulphide. 

when this oxide, or the peroxide of cobalt, are heated in the 
air, they both yield a black oxide, which oorresponds to the red 
oxides of manganese, its formula being 0o3O4 a Co + CoaOs. 
The green hydrate, formed when hydrate of the protoxide is 
exposed to the air, is a hydrate of this oxide. 

b. Peroxide of Cobalt Cos O9 ss 83*039. 

SiH. Snquiotnde qf CobaU.'^'When bleaching liquor (hypo- 
chlorite of lime) is added to solutions of protoxide of pobalt, or 
when chlorine is passed through hydrated protoxide suspended in 
water, a black powder is £>rmed, which is nydrated peroxide. 5 
eqs. protoxide, and 1 eq. chlorine, yield 1 eq. protocQoride and 1 
eq. peroxide : 3 Co + CI s Cos Os + Co CI. 

Peroxide of cobalt is, like peroxide of manganese, an indifferent 
or neutral oxide, for it does not combine with acids ; and when 
dissolved in hydrochloric add, it forms protochloride, chlorine 
being disengaged. 

Chloride of Cobalt Co CI ss 64*95. 

Obtained by dissolvin^^ cobalt, or any of its oxides, in hydro- 
chloric acid. The solution is pink, and on evaporation yields 
beautiful red crystab of hydrated chloride, or possibly hydrochlo^ 
rate of the oxide. When dried by heat, the chloride is of a deep 
blue, but is instantly rendered pink by the contact of water. The 
^ crystals are either Co 01, H 0, or Co O, H CI. When traces are 
' made on paper with a dilute solution of chloride of cobalt, they 
are invisible when dry; but, when warmed, assume a decided 
blue color, which disappears sgain on cooling, as they again 
absorb moisture from the air. This is the most beautiiiil of the 
sympathetic inks. If iron or nickel be present, the traces appear 
green instead of blue. 

The sulphides of cobalt are not of much interest The proto* 
sulphide, Co S, is formed when sulphide of ammonhim aots on 
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salts of protoxide of cobalt as a black precipitate. According^ to 
Wobler, sulphide of cobalt is easily obtained by fusing the arsenide 
of cobalt with 3 parts of pearlash and 3 parts of sulphur. Tho 
arsenic forms a scMuble compound, and this is removed by water, 
leaving sulphide of cobalt as a black powder. This may be dis* 
solved in nitric acid> and the cobalt purified from iron and nickel^ 
as above described. This process for extracdng cobalt from its 
ores would seem to be the best of all. 

The compounds of cobiilt, when fused with glass, give to it a 
beautiful blue color, and their use in painting the blue patterns on 
china is well known. The finest cobalt-bhie for painting is made 
by heating a mixture of 15 parts of alumina with 2 of phosphate 
of cobalt to redness, 

S2, Nickel, Nis29*6. 

This metal is rather rare ; it occurs, like cobalt, chiefly in com* 
bination with arsenic, and associated with iron and cobalt A 
very good method of extracting it from the arsenide, or speiss, as 
it is called, is that of Wuhler, which is, to fuse the speiss with 3 
parts of pearlash and 3 parts of sulphur. The arsenic forms, with 
the sulphur and potash, a soluble compound, and the nickel forms 
with the sulphur an insoluble sulphide. This is well washed with 
water, and dissolved in nitric acid; and the solution, after anv 
lead, copper, or bismuth that may be present, have been precipi- 
tated by a current of sulphuretted hydrogen, is precipitated by 
caustic or carbonated potash or soda. The washed precipitate is 
now acted on by an excess of oxalic acid, which forms, with the 
peroxide of iron that is generally present, a soluble, and with the 
oxide of nickel an insoluble oxalate, which of course includes any 
cobalt that the ore may have contained. The oxalate is now dis* 
solved in an excess of ammonia, and the solution exposed to tha . 
air. As the ammonia escapes, the nickel is deposited as an 
insoluble double oxalate, while ihe cobalt remains dissolved as a 
soluble double oxalate, of the metallic oxide with ammonia. The 
nickel salt, being ignited, leaves an oxide, which may be reduced 
by heating with charcoal, or dissolved in acid, and again converted 
into oxalate, which this time ia free from cobalt, and appears as a 
pale apple-green powder. The oxalate of nickel, being well 
washed, dried, and ignited in a closed crucible, with an aperture 
for the escape of gas, leaves metallic nickel, which, if the heat be 
very intense, is fused into a button. 

Wahler gives another process, which is said to be preferable to 
the above. It consists in projecting the finely powdered ore along 
with 2 parts of nitre and one of carbonate of potash, by degrees, 
into a red-hot crucible, and finally raising the heat for a good 
while. The arsenic is oxidiaed, yielding arsenic acid, which unites 
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iritli the potasb, while the nickel is also oxidized, and forms oxide 
of nickel, which is left undissolved when the mass is lixiviated with 
water. This oxide is pure, except from cobalt and iron, which 
must be separated as above. When these metals are not present, 
the oxide ma^ be at once reduced by heating with charcoal, and 
yields pure mckel. 

Nickel is nearly silver-white, but has a tinge of gray. It has a 
hiffh lustre, is hard, and malleable. Its Sp. G. is 8 9. It is veir 
innisible, and decidedly magnetic. It decomposes water at a red- 
heat Magnetic needles may be made of it, which do not rust 
It is now much used in the manufacture of (German silver or 
argentan, which is an alloy of copper, zinc, and nickeL The better 
qvuJities contain more nickel than the inferior kinds. 

KIOKXL AKD OZ7GXN. 

Protoxide of Nickel. Ni O = 37* 5 1 3. 

Its preparation is given above, in Wohler's second process for 
metallic nickel. It is a greenish-gray powder, which is a base, 
and forms, with acid, salts which are all green of dififerent shades* 
Solutions of these salts give pale apple-green precipitates of hydrate 
and carbonate, with caustic and . carbonated potash and soda. 
Ammonia causes a slight precipitate, which is instantly redissolved 
by an excess, forming a violet-blue solution. Salts of nickel are 
not precipitated, in acid solutions, by sulphuretted hydrogen, but 
Bulpnide of ammonium causes a black precipitate of sulphide of 
nicxel. 

b. Peroxide of NickeL Nis Os = 83039. 

Stn. Setquioxide of Nickel — May be formed by passing chlo- 
rine through water in which the hydrated protoxide is suspended. 
It is an indifferent oxide or superoxide, analogous to sesquioxide 
of cobalt. It is a black powder. 

Chloride of Nickel. Ni CI s= 64*96. 

Analogous to chloride of cobalt. Its solution is emerald-green, 
and yields crystals of the same color ; but when entirely deprived 
of water, it is yellow. At a low red-heat it sublimes ana con- 
denses in brilliant gold-yellow scales. 

Protosulphide of Nickel. Ni S ss 46*6. 

Analogous to protosulphide of cobalt, and formed in the same 
way. Sulphur and nickel unite when heated together, with disen- 
gagement of heat and light, forming a grayish-yellow metallic 
mass. The precipitated sulphide is black. Sulphide of nickel is 
found native in fine crystals of a pale brass-color, as the Haarkiea 
of the (Germans. 
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Order 2. — Metals which do not decompose Water at aht 
Temperature, and the Oxides of which are not reduced 

TO THE MbTALUO StATE BT THE SOLE ACTION OF HeAT. 

33. Arsenic. As s= 76*4. 

This metal is occasionally foand naUve, but it is chiefly met with 
in combination with cobalt, nickel, and iron. When the arsenides 
of these metals are heated to redness in a current of air, a great 
part of the arsenic, being volatile, rises in vapor, and is deposited 
m the cold part of the chimney in the form of white oxide of 
arsenic or arsenious acid, the well-known white arsenic of com- 
merce. This substance is mixed with charcoal or black flux (a 
mixture of charcoal with carbonate of potash), and the mixture 
introduced into a medicine phial, filling it about one-third. The 
phial is then placed in sand, the sand reaching as high as the mix- 
ture, and gradually heated to low redness. The metal sublimes 
and condenses in the upper part of the phial, which, when cold, 
may be cut off. 

Arsenic is a very brittle metal, of a whitish-gray color, and very 
high lustre. Its Sp. G. is 6-80. When heated to 356**, it sub- 
limes without previously melting, its melting point being higher 
than its boiling point under the usual pressure. Its vapor has a 
strong alliaceous smell, a property which is characteristic of 
arsenic, no other metal possessing it. It sometimes rapidly tar- 
nishes on exposure to the air, becoming nearly black ; and when 
sublimed in a current of air it is oxidized, being converted into 
arsenious acid. The rapid tarnishing of arsenic is probably owing 
to the presence of a little potassium, derived from black flux : for 
the native metal, when sublimed, does not tarnish. 

ARSENIC AND OXYGEN. 

a. Arsenious Acid. As Oa = 99.439. 

The formation of this substance, when arsenic is sublimed in a 
current of air has been mentioned. It occurs, when newly sub- 
limed, as a hard brittle dass ; which, when kept, slowly becomes 
opaque and crystalline, the change often taking years to reach the 
centre of a small lump of the glass. The Sp. G. of arsenic acid 
is 3*7. At 380^ it sublimes, yielding inodorous vapors, which 
condense in octohedral crystals, when the sublimation is slowly 
conducted in a glass tube. 

It has little taste, which renders it the more dangerous as a 
poison ; as, when taken by mistake, there is no warning, as in the 
case of many other poisons. It is sparingly soluble in water, but 
the crystalline variety is more soluble than the glassy ; 100 parts 
of hot water dissolving 1 1 '5 of the former, and only 9-7 of the latter. 

Arsenious acid, whether in the solid form or in that of solution, 
18 a most virulent poison, and is, unfortunately, so accessible as 
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to be often need for criminal purposes. Its dsiectio&> therelbtf , 
is a matter of the utmost importance ; and innumerable tests, 
more or less effectual, hare oeen proposed. These, howeTer, 
may with adrantage be reduced to a very small number ; which 
again are best divided into — 1. Those tests which apply to pure 
arsenious acid, or its salts ; and, 2. Those which apply to mix- 
tures, such as are likely to occur in medico-legal investigations. 

1 . Pure arsenious acid is easily recognized, as a heavy white 
powder, volatile, without smell, sparinfi^ly soluble in water, and» 
when heated with charcoal, black flux, formiate of soda, or 
cyanide of potassium, yielding a volatile crust of metallic arsenic, 
the vapors of which have the odor of garlic. 

The solution gives, with lime-water in excess, an insoluble 
white precipitate of arsenite of lime ; with ammoniaco-nitrate of 
silver, a yellow precipitate of arsenite of silver ; with ammoniaco- 
sulphate of copper, a grass-green precipitate of arsenite of copper ; 
and with sulphuretted hydrogen, acetic or hydrochloric acid being 
first added to the solution, an orange-yellow precipitate of ter- 
sulphide of arsenic. When to the solution of arsenious acid, or 
of any of its salts, sulphuric acid is added, and a portion of pure 
zinc introduced into the acid liquid, the hydrogen disengaged by 
the action of the zinc on the acid, is found to be mixed with a 
portion of arseniuretted hydrogen gas, the presence of which 

fives it an alliaceous smell, and causes it to bum with a pale blue 
ame. If a piece of cold glass or porcelain be held m contact 
with this flame, a black stain or crust of metallic arsenic is depos- 
ited on it, and this crust may be easily recognized by its volatility, 
and the other characters of arsenic. — (Manh.) If the hydrogen 
gas, contfdning arseniuretted hydrogen, instead of being burned 
at the end of the tube, be slowly passed through a long narrow 
tube of hard glass, part of which is heated to redness, the 
arseniuretted hydroffen is decomposed at the red-hot part of the 
tube, and the arsemc deposited as a blight metallic crust, a little 
beyond the hot part. 

2. When, however, arsenious acid occurs in mixtures contain- 
ing much organic matter, such as, for example, are found in tht 
stomach or intestines of those p(Hsoned with arsenic, or in the 
matters vomited before death, a method must be adopted which 
removes all organic matters, and permits the operator to test foi 
arsenic with security. The foUowmg method, lately proposed by 
Fresenius and Yon Babo, is perhaps the best : 

a. Two-thirds of the suspected mixture, or contents of the 
stomach, all sdid parts being cut small, are introduced into a 
large porcelain capsule (the remainder being kept in case of acei- 
dents), and mixed with a moderate quantity of pure hydrochloric 
acid, and as much water as gives to the whole the consistence of a 
thin gruel, which is heated in the vapor bath, and chlorate of 
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•potash aided iLtinterralB of five minales in pottiona of 20 or 90 
gnins to the hot liquid, untii the^ whole has become clear yellow, 
perfectly homogeneous and fluid. At this point about 2 drachms 
more of chlorate are added, and the vessel removed from the 
vapor bath. When quite cold it is strained through linen, or fil- 
tered, and the residue on the filter well washed with hot water. 
The whole liquid is now evaporated on the water bath to the bulk 
of about one pound, and the acid residue, which is generallv now 
brownish in color, mixed with as much of a saturated solution of 
sulphurous acid as gives a permanent smell of that acid. It is 
then heated until the excess of sfdphurous acid ia entirely 
expelled. 

In this first stage of the process the arsenious acid is dissolved, 
the organic matter destroyed in a great measure by the chlorate 
of potash and hydrochloric acid, and the arsenic, which had 
thereby been converted into aninic acid, reduced by the sulphur- 
ous acid to the state of arsenious acid. The destruction of the 
organic matter renders the filtration rapid and easy. 

6. The acid liquid is now exposed for twelve hours to a current 
of sulphuretted hydrogen gas, the gas tube is washed with a little 
ammonia, which is added to the mass of liquid, and the whole 
allowed to stand, covered with paper, in a warm place, until the 
smell of sulphuretted hydrogen disappears. The precipitate 
which has formed, and which contains sulphide of arsenic along 
with some organic matter, and possibly other metallic sulphides, 
is collected on a small filter and well washed. 

Here the arsenious acid is converted into tersulphide of arsenic, 
by the sulphuretted hydrogen : As Os -|- 3 H S « As Sa + 3 H 0. 

c. The filter with the precipitate is dried in the vapor batb» 
moistened with fuming nitric acid, and the mass dried up in the 
water bath. Pure oil of vitriol is now added, so as to moisten 
the dry mass uniformly, the mixture is heated for two or three 
hours m the vapor bath, and, finally, dried on the sand bath at 
a heat not exceeding 290°, till the charred mass assumes a brittle 
consistence. It is then heated in the vapor bath with fivm ten to 
twenty parts of distilled water, filtered, and the charcoal perfectly 
washed with hot distilled water. The whole filtered liquid is now 
mixed with hydrohhloric acid and strain precipitated by sulphur- 
etted hydrogen, exactly as before. The precipitate is collected on 
a very small filter, well washed, and dissolved on the filter by 
ammonia, with which the filter is well washed. The ammoniacal 
solution of sulphide of arsenic is evaporated to dryness in a small 
porcelain vessel, and the residue may be weijj^hed if required. 

In this stage the remaining organic matter is entirely destroyed, 
and the arsenic obtained in the form of pure tersulphide. 

d. For obtaining the metallic arsenic from this sulphide, or 
reducing the sulphide, which is the decisive proof, the following 
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apparatus is employed (see cat» 6g. 60\ A is a well-aiied iasl^ 
for generating carbonic acid gas, half filled with water and firag- 




FIS.ML 



ments of marble. Through one aperture in the cork passes the 
ftmnel tube a, reaching nearly to the bottom ; through the other 
jmsses a tul^ b, which conducts the gas into the smaller flask B, 
m which it is washed and dried by passing through oil of yitrioL 
The tube e carries the gas into the reduction tube C, which is 
represented in fig 51, a little less than half the real size. 

when the whole is fitted and arranged, a portion of the dried 
sulphide (reserving part for other experiments, or in case of acci- 
dent), is mixed in a warm agate mortar with about twelve parts 
of a mixture of three parts of dried carbonate of soda, and one 
part of cyanide of potassium. The mixed powder is carefully 
mtroduced, by means of a half cylinder of card, into the reduc- 
tion tube, which is then turned on its axis, so as to allow the 
powder to lie on the part a f, fig. 51, of the reduction tube. The 
card is then removed. The reduction tube is now attached to the 

Sis apparatus, and hydrochloric acid poured into the flask A, 
rough the fbnnel, so a^ to cause a disengagement of carbonic 
acid gas, which fills the whole apparatus. The tube is then 
gently warmed through its whole length until all traces of moist- 
ure have disappeared, and when the current of gas has become 
so slow that the bubbles follow each other at an interval of about 
a second, the part b of the reduction tube (fig. 51), is heated to 
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redness by a spirit lamp. This being done* the powder is now 
heated by another spirit lamp, from a toward /, gradually, till all 
the arsenic is expelled* 
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The reduced arsenic is deposited as a bright meta]lic ring at e^ 
fig. 51, a mere trace only escaping at d. The second lamp is then 
brought toward h, in order to collect any trace of arsenic in the 
wide part of the tube, and the point d being closed by melting it, 
and the tube detached, the arsenic is driven into as small a space 
as possible, by heating from d towards c. The tube is now cut 
across at/, corked, sealed, and preserved as evidence. If the 
above process be followed exactly, the result is a ring of aston- 
ishing purity and brilliancy. The use of the carbonic acid is to 
prevent oxidation by the air, which as well as moisture, if 
admitted, would very much interfere with the result. 

This is not the place to notice the very numerous methods 
which have been proposed for the detection of arsenic in mixed 
fluids. It is enough to say that none of them is preferable to the 
above, if indeed any are equal to it, in point of facility, delioacy, 
and security. The process of Marsh, by hydrogen gas, as above 
described, is indeed very delicate, but it is rendered less secure 
by the fact, that antimony, if present, gives somewhat similar 
appearances. In the method of Fresenius and Yon Babo, anti- 
mony, if present, remains in the residue of the powder heated in 
the reduction tube, where it may be found, chieny in the metallic 
state, and partly in a soluble combination. 

The only known antidote to arsenious acid is the hydrated per- 
oxide of iron, the ferrugo of the Edin. Pharmacopoea, which 
should be given in the moist state mixed with water. When 
made for this purpose, the precipitated oxide should never be 
dried, but kept under water ; as when once dried, it is far less 
efficacious. It acts by combining with the arsenious acid, forming 
a compound which is quite insoluble and inert, and is a basic 
arsenite of sesquioxide of iron, Fei Os, AsOs. 

h. Azs^icAcid. AsOfss 115*466 

This acid is found in nature combined with oxides of calciom, 
lead, copper, iron, cobalt, and nickel. It is easily prepared by 
dissolving arsenious acid in nitric acid, with a little hydrochloric 
acid, and evaporating to a syrup, which is heated gently till all 
nitric acid is expelled. The residue is hydrated ars6nic acid» 
As Os, 3 HO, or As O a, Ha. It is a very acid, poisonous sub- 
stance, remarkable chiefly for its analogy with common or tribasie 
phosphoric acid. This analogy is so great, that for every tribasio 
phosphate, there is a corresponding arseniate : and this is not all, 
for the external properties of these salts are so exactly similar, 
that, except b^ analysis or characteristic tests, we cannot tell 
whether arsenic, or phosphoric acid, be present. Not only are 
the native phosphates of copper, lead and iron, exactly like the 
arseniates in color, crystalline form, and constitntion, but the phos- 
phates are seldom found unmixed with arseniates. 
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The complete uonrarphism of mnboic and ttfteac plioephorie 
acids in their 8alU» is one of the finest examples of isomorphim 
depending on similarity of constitution* like the tribasic phos- 
pliktes, the arseniates occur in 3 forms. 

l6t,A6 0<,3MO: 2nd,AsO< | ^^3' **^^' laHO* 

and the cr}'stalline form in all yet examined b the same as that 
of the corresponding phosphates. Thus the arseniate of 8oda» 
with 2 eqs. soda, and 1 eq. water, is not to be distinguished, in 
external aspects, from the common phosphate of soda. The 
formulae are : 

PP' } ^H0^+^^»*15 and AsO. j ^go^+34aq. 

It is highly probable that phosphorus and arsenic are them- 
selves entirely isomorphous as elements; and in one particular 
they are alike, besides the analogy of their compounds ; namely, 
the alliaceous odor of their vapor. 

The salts of arsenic acid give with nitrate of silver a brick-red 
precipitate of tribasic arseniate of silver: As05,3A^0: and 
with hydrochloric acid and sulphuretted hydrogen, a p^e yellow 
precipitate of persulphide of arsenic, AsSs. 

No modifications of arsenic acid, analogous to bibasic and 
monobasic phosphoric acids, are yet known. 

ABSXVIC AHD CHIdORIMB. 

Terchloride of Arsenic As CU =18* 166. 

Prepared by distilling 6 parts of bichloride of mercuiy with 1 
part of metallic arsenic : 3 1^^ Cls + As « 3 Hg 01 + As da. It 
IS a colorless, votalile, fuming liquid, which is resolved, by the 
action of water, into hydrochloric and arsenious acids : As Oh + 
8HO = A8 03 + 3HCL 

ABSBNIC AND lODINB. 

Periodide of Arsenic. As 1$ =s 706*9. 

When arsenic and iodine are gently heated together, they com- 
bine, and form a red solid compound, which t>y the action of 
water yields arsenic and hydriodic acids: AsjI*-|-6H0 = 
A89 0«+6HI. 

ABSmnO AND BROMIKX. 

Terbromide of Arsenic. As Brs = 313*6. 

Arsenic and bromine when brought in contact, instantly coon- 
bine, With vivid combustion. The compound is a solid, melting 
at about 70'', and boiling at 430"* It is transparent, and slightly 
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yellow, and. oecwonaUy forms lop^ primnatie orystals. With 
water it yields anenioos and hydrobromic acids. 

ABSXNIO AKD HTDROOXN. 

When an alloy of arsenic and potassium is made to set on 
water, there is formed a brown solid body, which is said to be a 
protohyduret of arsenic : As H = 38"7. 

When arsenic is melted with an equal weight of sine, an alloy 
is formed, which, when acted on by strong hydrochloric acid, 
yields a gas which is colorless, has a strong garlic odor, bums 
with a bme flame, and is distinguished firom all other gases by 
being totally absorbed, when pure, by a saturated solution of 
sulphate of copper. It is frightfully poisonous when respired, 
even in very small proportion, along with common air ; and tiie 
incautious experimenting with it has proved fatal to more than 
one chemist. It acts on many metallic solutions, forming insolu- 
ble arsenides. When heated to redness it is decomposed, arsenic 
being deposited, and hydrogen, equal to one and a half times the 
bulk of uie gas, being separated. This gas is formed when hy- 
drogen is generated in a liquid containing arsenious acid dissolved, 
and mixes with the hydrogen ; and when the mixture is heated 
red-hot in passing through a tube, or burned, a cold plate being 
held in the flame, arsemc is deposited. This is the principle on 
which Marsh's process for detectmg arsenious acid is founded. 

« 

▲BSBHIO ARB SULPHUR. 

a. Protosulphide of Arsenic. As 8=63*8. 

Formed by melting arsenious acid with half its weight of sul- 
phur. It is a red translucent solid, which may be sublimed in 
close vessels. It occurs in the mineral kingdom as realgar. 

b. Tenuli^ude of Arsenic As Ss s=123*7. 

Prepared by melting together equal weights of arsenious acid 
and sulphur, or by passing a current of sulphuretted hydrogen 
through a solution of arsenious acid. It has an orange-yellow 
color, is fusible, and may be sublimed in close vessels. It is very 
soluble in caustic alcalies, yielding colorless solutions. It occurs 
in the mineral kingdom as auripigmentum, or orpiment, and is 
an ingredient in king's-yellow. It may be used for dyeing silk, 
woolens, or cottons yellow, by soaking them in a solution of orpi- 
ment in ammonia, and then suspending them in a warm cham- 
ber. The ammonia evaporates, and the orpiment remains firmly 
fixed in the cloth. This sulphide is the form in which arsenic 
is best separated from mixed liquids in medico-legal investi* 
gations. 
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c. Penulpbide of Arsenic. A8S«s=166. 

Formed by the action of sulphuretted hydrogen on arsenic 
acid, or on arseniates acidulated by acetic acid. It is of a paler 
yellow than orpiment, is soluble in alcalies, fusible, and in close 
vessels volatUe without change. 

34. Chromium. Crs=28. 

Occurs in nature, in union with oxygen, as chromic acid in 
chromate of lead, and as oxide of chromium in chrome iron ore, 
from which latter all the compounds of chromium are obtained. 
The metal is very infusible, and has probably never been com- 
pletely melted. It is obtained with difficulty in hard coherent 
masses of an iron-gray color, by heating the oxide to the highest 
temperature of a wind furnace for some hours, in a crucible lined 
with charcoal. In this state it is hardly at all acted on by the 
strongest acids, but is oxidized by fusion with nitre, yieldiog 
chromic acid. 

OHROMIUU AND OXTGXN. 

a. Sesqnioxide of Chromium. Crt 0$ = 80*039. 

This oxide may be obtained by heating to redness the bichro- 
mate of potash, EO, SCrOs; when neutral chromate, KO, 
Or O 3, is formed, sesquioxide is produced, Cn Oa, and oxygen is 
disengaged, 2 (KO, 2 Or Oa) = 2 (KO, Cr Os) + Cra O3 + Os. 
The neutral cnromate is dissolved out by water and the oxide is 
obtained as a crystalline green powder ; or it may be prepared by 
heating a mixture of bichromate with carbonate of soda and sal 
ammoniac to redness. The hydrate is obtained by heating solu- 
tion of bichromate with hydrochloric acid and alcohol or sugar, 
till the liquid becomes of a pure green, and adding ammonia, 
which precipitates the hydrate, as a pale bluish-green bulky 
powder. 

Sesquioxide of chromium is isomorphous wiih sesquioxide of 
iron and alumina, and has been obtained in crystals exactly 
resembling specular iron ore. It is a weak base, and may be 
substituted for alumina or peroxide of iron in their salts, without 
altering the form. All its salts are green or blue, and most of 
them are red by transmitted candle-light. Oxide of chromium 
appears to exist in its salts in two modifications, in one of which 
tne solutions are pure green, in the other of a mixed tint of red 
and green. The oxide may be used for painting a beautiful green, 
on china, and for giving glass a green color, or as a paint, being 
very permanent. 

b. Chromic Acid. Cr Os == 62*039. 

Prepared by adding 1 vol. of a cold saturated .solution of 
bichromate of potash to 1^ vol. of pure oil of vitriol, and allowing 
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tbe iwMiVicM to cool in a covered capsule, or in a flask, when it 
deposiM u^teaiitul deep-red needles of chromic acid. The liquid 
being dt aitfod oflf, these are laid on a porous brick to dry, cov- 
ered with a bell-jar. They must be preserved in very tightly- 
stoppered bottles, as ihey are highly deliquescent. 

Uhromic acid is a strong acid, isomorphous with sulphuric, 
selenic, and manganic acids. Its salts are yellow, orange, or red, 
and distiDguished by the beauty and permanence of their colors. 
The acid itself is a powerful oxidising agent, yielding half its 
oxygen readily to ozidisable bodies, and being reduced to sesqui- 
oxide : 2 Cr Os = Cxi Os + On. Thus it' instantly sets fire to 
alcohol when thrown into that fluid ; and a mixture of bichromate 
of potash and sulphuric acid is much used as a means of oxid* 
ixinc; organic products, and yielding new compounds. Chromic 
acid and oxide of chromium are both easilv recognized in solu- 
tions bv their color, and the acid especially by its ready convert- 
ibility mto the oxide by deoxidizing agents. 

According to Barreswill tfaere exists a perchromic acid, Ora O7, 
corresponding to permanganic acid. It is formed by the action of 
peroxide of hydrogen on chromic acid, and has a fine deep-blue 
color. It is almost immediately resolved, however, into chromic 
acid and oxygen. 

OHROMiuM Asm csiobivh. 
a. Sesquichloride of Chromium. Crt CU hs3S3'S6. 

Prepared by passing chlorine over a mixture of sesquioxide of 
chrommm ana charcosd heated to redness. It collects in the cold 
part of the tube as a crystalline peach-blossom-colored sublimate, 
which dissolves in water, forming a green solution, which probably 
contains hydrochloric acid and sesquioxide : Cra OI3 -{- d H O s= 
Crs Oa -f- 3 H CI. The sesquichloride exists in another modifica* 
tion as a pink insoluble powder. 

b. Oxychloride of Chromium. Cr. j 9.'; or Cr CU + S Cr Ot. 

This compound is formed when neutral chromate of potash, 
common salt, and oil of vitriol are heated together: (kO, Cr 0»i 
-f Na CI + 2 S Da = (K O, S O3) + (Na 0, S O3) -f Cr Oa CI ; 
or 3 (K 0, Cr Oa) + 3 Na CI -|- 6 SOa = 3 (K O, S Oa) -|- 3 (Na 
O, S Oa) + Cr Cla + 2 Cr Oa. It distils over as a deep-red 
fuming liquid, which decomposes water, producing hydrochloric 
and chromic acids. It sets fire to phosphorus and many other 
combustible bodies. When its vapor is passed through a red-hol 
tube it is resolved into oxygen, chlorine, and sesquioxide of chro- 
mium, 2 Cr Oa CI = Cra Oa -I- -I- Cla; or 2 (Cr Cla + 2 0* 
Oa) ss 3 Cra Oa + Oa + Cle. Its constitution is uncertain, as 
according to the two formulae above given, it may be viewed eithei 
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as ebromic acid, in wMch 1 eq. of ozyffenis re{d4eed byeUoriofty 
or as a compound of 1 eq. terehloiid of cbromkmi, and t eqs. 

chromic acid. 

' c. Perfluoride of Chromium. 

When a mixture of chromate of lead, fluoride of calcium* and 
oil of vitriol, or, better, fuming sulphuric acid, is distilled in a 
silver retort, there is disengaged a red gas, which, in contact with 
the moisture of the air, produces hydrofluoric and chromic acids. 
Its precise composition is unknown. It was formerly considered a 
ternuoride ; but it appears that this is not the case, and that it is 
more probably a quintofluoride. Or F<. Possibly it may be, like 
the preceding compound, an oxyfluoride. 

36. VAHABItTM. V = 68*5. 

This very rare metal is found in small quantity in the slag of the 
iron furnaces where the iron ore of Taberg, in Sweden, is smelted, 
also in the lead mines of Scotland, as vanadiate of lead, a mineral 
which likewise occurs in Mexico. The metal is brittle, very infusi- 
ble, and nearly silver white. In its chemical relations it is 
somewhat analogous to chromium ; and, like it, forms colored 
compounds. It is not oxidized either by air or water, and the only, 
acid that dissolves it is aqua regia. 

a. Protoodde of Vanadium. V O « 76*6 13. 

A black powder, which being heated bums into deutoxide. 

b. Deutoxide of Vanadium. V O = 84*636. 

This oxide, when anhydrous, b black, but forms blue salts ; 
these are apt to become first green and then red, from the forma- 
tion of vanadic acid. 

c. Vanadic Acid. VOssas 93*689. 

Is obtained from vanadiate of lead by dissolving it in nitric acid, 
and precipitating lead and arsenic by sulphuretted hydrogen, which 
reduces the apid to deutoxide. The blue solution is evaporated, 
during which vanadic add is reproduced, and the- dry mass is 
digested in ammonia, which dissolves the acid. Into this solution 
a lump of sal ammoniac is introduced, and, as this dissolves, the 
vanadiate of ammonia separates, being insc^uble in a saturated 
solution of sal ammoniac. When this salt is heated to a point 
below red-heat in an open vessel, the ammonia is expelled, and 
vanadic acid left, which melts below a red-heat, and on cooling 
forms beautiflil red crystals. With bases it forms salts which are 
either red or yellow, according as they are acid or neutral salts. 
It is singular that the neutral vanadiates of the alcalies may occur 
both yefiow and coloriesa without any knowa diSdrenoe in eompo* 



MO LfPg Uf M . 888 



rilioD. Ysnadie Mid unites irith deutozide of Taaadium^ forming 
oompoands whicli are purple, green, yelloir, or orange, aeoordin? 
as the acid or oxide predominates. Y anadio acid is distinguished 
from chromic acid by yielding a blue solution^ when deoxidized, 
instead of a ffreen one. 

With chlonne, vanadium forms a bichloride, Y Cla , and a ter- 
chloride, y Cls. The latter is formed bypassing chlorine over 
a mixture of protoxide of ranadinm and charcoal, heated to low 
redness, when the terchloiide distils over as a yellow iuminff 
liquid, which decomposes water, producing hydrochloric and 
yanadic acids. When this chloride is exposed to a current of am- 
monia, a white compound is formed, and if this be heated in a 
continued current of ammonia, metallic vanadium .is formed^ and 
adheres to the tube. 

36. MOLTBOBHUM. Mos33 47*7. 

This metal occurs in nature, combmed with sulphur, forming a 
lead*co1ored metallic mineral in broad plates or leaves, cslied 
molybdena, or sulphide of molybdenum. It is found more spar- 
ingly as molybdic acid combined with lead. The metal may be 
obtained bv passing h^drosen gas over molybdic acid, heated to 
whiteness in a porcelain tube. It is a brittle white metal, almost 
quite infusible. It forms three oxides. 

MOLTBDBNVIC AND OXTGSH. 

a. Protoxide of Molybdenum. Mo O ss 00f718. 

A black powder, which, when heated in the air, takes fire and 
forms deutoxide. Its hydrate dissolves in acids. 

b. Deutoxide of Molybdenum. Mo Os =3 68*726. 

A dark brown powder, formmg a rust-colored hydrate, which 
dissolves in acids, forming red salts. When exposed to air, it 
absorbs oxy^n and becomes blue on the surface. The blue com- 
pound is a bimolybdate of the deutoxide : Mo Os, 2 Mo Os. 

c. Molybdic Acid. Mo Os, = 71-739. 
Obtained by roasting the sulphide at a low red-heat, as hmg as 
sulphurous acid escapes, and actmg on the residue with ammonia, 
which dissolves molybdic acid The molybdate of ammonia is 




a current of air. It is sparingly soluble in water. It forms salts 
with bases, which are colorless. 



XOLTBDXmrM AND CHLOBINS. 



The protochloiide. Mo C9, is a nearly black soluble compound. 
When chlorine gas is passed over metallic molybdenum gently 
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heated, bicbloride of molybdennn* Mo Cls, is ibrmed as a deep 
red vapor, which condenses in black crystab, like iodine. Wheft 
the deatozide is heated in dry chk>rine, there is formed a yeDowish* 
white crystalline snblimatey which is an aEychk>ride» aaalogons to 
thutofchromimii:^ (O,. „ MoO. +8II0O,. 

MOLTBDKBUM AXB SULFHUB. 

There are S sulphides of this metal. 1. The bisolphide. Mo 
8a , which is the nsnal ore of molybdennm already described ; 
8. The tersnlphide, a dark brown or black powder. Mo Ss ; 
3* The persnlphide, also a dark powder. Mo 84 . Both the last are 
snlphnr acids, combining with solphnr bases, sach as solphide of 
potassimn. 

87. TuvGSTKV. W = 99-7. 

Snr. Wbl/ram — Occurs in nature, chiefly in the mineral wolf- 
ram, oxidized along with oxides of iron and manganese, and more 
sparingly in the mineral tungsten, a compound of tnngstic acid 
with lime. The metal may be obtained as the preceding, but is 
little known. It is very infusible, and has the Sp. 6. 17*4. When 
heated in air, it bums and forms tungstic acid. 

TUVO8TXV AHD OZTOSH. 

a. Beutoxide of Tungsten. W Os =s 115-786. 

To obtain it^ 1 part of finely-powdered wolfram is fused in a 
platmum crucible, with 2 parts of carbonate of potash. Tungstate 
of potash is formed, which is dissolved, filtered to separate the 
oxides of iron and manganese, and evaporated to. dryness. The 
salt is mixed, in solution, with half its weight of sal ammoniac, 
and the mixture dried up and ignited. The tunsstic add is reduced 
to the state of oxide by the ammonia, and chloride of potassium 
is formed; the latter is dissolved out by water, and the former, 
being first boiled with potash to remove any tungstic acid, and 
then washed and dried, is pure oxide of tungsten. It is a very 
heavy black powder, which, when heated in the air, bums like 
tinder, forming tungstic acid. 

b. Tungstic Acid. W Os = 123*739. 

It is formed, as above, by heating the oxide in the air. It is a 
yellow powder, insoluble in water. With bases it forms crystal- 
lizable salts. When heated to 600^ or 600^ in a current of hydro- 
^n, it becomes of a fine deep blue, losing so much oxygen that 
It leaves an oxide, the blue oxide of tungsten, the formula of which 
is WjO«=WOj-f-WO«; so that it may be viewed as a 
tungstate of tungsten. 
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TUirOSTIK AND ORLOBTRS. 

When heated in chlorine gas, tungsten forms two chlorides, a 
bichloride, WCla, and a tei'chloride, W Ch. Both are red, 
volatile, and crystallizable compounds, subliming in beautiful 
orystals. The former, with water, produces hydrochloric acid 
and binoxide of tungsten ; the latter yields hydrochloric acid and 
tungstic acid. 

When the binoxide is heated in chlorine gas, there is formed an 
oxychloride in the shape of white volatile scales, like boracic acid* 

ItUWCh + 2W03; orW | J*; 

The sulphides of tungsten have no peculiar interest. 

38. COLUKBITTM. Tas: 186. 

Stn. Tcmlalum. — It occurs very sparingly, in the minerals 
tantalite and yttro-tantalite, as columbic acid. The metal is 
obtained by the action of potassium on the double fluoride of 
oolumbium and potassium, as a black powder, which, when com- 
pressed, exhibits metallic lustre ; and when heated bums m air, 
yielding columbic acid. 

With oxygen it appears to form two compounds ; a binoxide. 
Ta O2, and columbic acid, Ta Oa. The latter is a white inooluble 
powder, which forms salts with bases. 

With chlorine it forms a volatile terchloride, TaCls; and with 
fluorine, a white soluble terfluoride, TaFs. 

Rose is at present occupied with the study of two new metals 
found in the ores of columbium or tantalum, to which he has 
given the names of Pelopium and Niobium. 

89. Antimony. Sbs= 129-2. 

This valuable metal is chiefly found in the mineral called anti- 
mony, which is a tersulphide, SbS3, and which occurs both 
pure and combined with other sulphides. From the suiphide the 
metal is easily obtained by heating it with iron filings, when the 
sulphur combines with the iron, and the melted antimony collects 
at the bottom of the crucible. 

It is a brittle metal, of Sp. G. 6-7, having a bluish or grayish- 
white color when pure. It melts at SIO*^, and in a very intense 
heat it is volatilized. When heated strongly in open vessels, it 
takes fire, burning with a white light, and producing white vapors, 
which often condense in crystals, and are sesquioxide of antimony, 
SbOs. Antimony is the chief ingredient in type metal. 

ANTIMONY AND OXTGXN. 

a. Terozide of Antimony. Sb Os a: 163*239. 

To prepare it, tersulphide of antimony is boiled with about 
5 parts of strong hydrochloric acid, when sulphuretted hydrogen 

26 
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is riven off, and terdiloride of anlmMMiji* dissolTed: Sb 89+ 
3KCl = 8bCls+3HS. The 8o1ati<m is now thrown inlo a 
hrge quantity of water, when a cnrdy precipitate separates, whidi 
is terozide of antimony, combined with some nndeccMnposed 
chloride, QSbOs-fSSbCfls, the oxide having been fcnrmed by. 
the action of water on the chlcMide: Sb CI3 +3H0=:Sb03 + 
5H CI. The precipitate of ozychloride, which soon changes into 
crystals, if left in the liquid, is now to be washed and digested 
with an excess of carbonate of soda, by which the remainingchlo- 
ride is eonrerted into oxide: SbCls+SNaO^SbOs+dl^aCL 
The teroxide is now pure, and is to be washed and diied. 

It is a grayish-white heavy powder, fusible at a dull red-heat 
in close vessels, and volatile at a higher temperature. If heated 
in the open air, it absorbs oxygen, rarming antimonious acid. It 
is a base, and forms salts with acids, the most important of which 
is tartar emetic. Most of its soluble salts are decomposed by tke- 
contact of water. 

Teroxide of antimony in solution is very easily recognised by 
the peculiar brownish-orange precipitate caused by solpharetted 
nydnigen. 

b. Antimonious Acid. Sb 0« » 161*3AS. 

When oxide of antimony is heated, it absorbs oxygen, and when 
antimonic acid is heated, it loses oxygen ; the product in both cases 
oeing the permanent antimonious acid. It is a white insoluble 
powder, very infusible and fixed in the fire. It forms salts, called 
antimonites, with bases. 

c. Antimonic Acid. Sb 0« s= 168-S6(». 

It is formed by acting on the metal with strong nitric acid till it 
is converted into a white powder, which is hydrated antim<»ic 
add. It b decomposed by a red-heat, jrielding water, oxyg^. 
and antimonious acid. It forms salts, called antimoniates, with 
bases. 

All the oxides of antimony are used m medicine ; but the ses- 
qvioxide is the most important, as the basis of tartar emetic, which 
is a double tartrate of potash and sesquioxide of antimony. 

ANTQcoinr Ann oaxoRiiai. 

a. Terchloride of Antimony. Sb Cls ^ 235*46. 

Is readily obtabed by dissolving 1 part of sulphide of antimony 
in 6 parts of hydrochloric add (see above), and distiflmg thesolu^- 
tion, until the volatile part becomes semi-solid on cooling; the 
receiver is then changed, and what passes over afterward is pure 
anhydrous diloride of antimony. It is a soft deliquescent solids 
formerly called butter of antimony. When mixed vnlh water^ it 
b decomposed as mentioned above. 
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^. Perdhloride of Aatinodf • SIiCUscb306'3. 

' 01>tAlned by acting on metallie anthnony, or on the flesquiehio* 
ride, with an excess of chlorine. It is also formed when powdered 
antimony is introduced into chlorine gas, when it bums with a 
vivid light It is a colorless, volatile Aiming liquid, which is 
decomposed by water, yielding hydrochloric and antimonic acids. 

c Oxychlorkle of Antimony. 9 8b O9 + 2 Sb Cl«. 

This is the white powder formed when terchloride of antimony 
is thrown into water, as above described, under the head of 
teroxide. It soon changes into crystals, and is a definite com^ 
pound of oxide and chloride. It is entirely converted into oxide 
by alcalies. It was formerly called powder of Algaroth. 

Bromine and antimony combine readily^ and form a volatile 
crystalline solid. 

ANTOIOKT AXD SULPHUft. 

a. Tersulphide of Antimony. 6b Q$ sk 177'5« 

This is the common ore of antimony, and is generally a dark- 
gray radiated fusible crystalline mass, Sp, G. 4*62. When formed 
by the action of sulphuretted hydrogen on salts of antimony, it is 
precipitated as a hydrate, of a brownish orange color. 

b. Persulphide of Antimoi]^. 8bS«aB»fl09r7. 

When sesquisulphide and sulphur are boiled in solution of pot- 
ash^ and an acid added to the filtered liquid, a golden^yeliow 
precipitate is formed, often called the golden sulphide of antimony^ 
which is the persulphide, Sb Sa . 

c Oxysulphide of Antimony. 2 8b St + Sb Ot =s 608*3. 

This compound is found in nature as red antimony ; and when 
sesquisulphide of antimony is boiled with potash, and an acid 
added to the filtered liquid, a reddish -orange precipitate is formed, 
which is often oxysulpnide ; although it may be obtained neafly 
firee from oxide, and is then hydrated sesquisulphide. This is the 
substance so long known as mineral kermes ; and it is the form in 
which sulphide of antimony b chiefly used in medicine on thti 
Continent. In this country we use the precipitated sesquisulphide. 

40. Ubaviuv. U as 917. 

This metal occurs in the form of protoxide, akmg with other 
oxides in the mineral pitchblende; and in that of peroxide in 
uranite and uran-mica. When an excess of pitchblende is di^sted 
with diluted nitric acid, uranium dissolves, to the exclusion of iron» 
and after lead, copper, bismuth, or arsenic, have been removed by 
sulphuretted hydrogen, the solution may be considered pure. Car^ 
bonate of ammonia precipitatea the peroxide of uranium, bui ai| 
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ezoess TedinolTes it ; and ibis sdntion, if boiled, deposite pore 
peroxide of mraiiiiaD, of a verj fine yellow ook»'. The anetal is 
uttle known; and firom recent reaearchet it would a|^»ear tlial 
what was sappoeed to be the metal is an oxidised body, acting, 
according to relogot, tbe part of a metal ; while, accoiding to 
others, it is the protoxide of the tme metal* In the present state 
of oar knowledge, it is not easy to decide : and as the metal is not 
one of great importance, I shall not enter into details here ; merely 
stating, that the oxide formerly called protoxide, is used for giving 
a fine black in painting on porcelain ; and that the peroxide and 
all its oompoonds have ricn and permanent yellow colors. Its 
solutions are vellow, and give with ferrocyaiude of potassium, a 
rich chestBut-brown precipitate. 

41. Csnnrn. 43. hAWTAMiuu. 

These metals are in a state of still greater uncertainty. They 
occur invariably associated in some very rare minerals, and are 
not yet known in a state of purity. This applies to the oxides like- 
wise. According to the most recent researches of Mosander, who 
discovered lantanium, these two metals appear to be always asso- 
ciated with a third, didymiom, which is not yet fully described. It 
would be absurd at present to give a description which would 
in£sllibly have to be altered in a very short time. AH these metals 
are too rare to become of any practical interest 

43. Bismnrn. Bi = 71-07. 

Occurs sometimes as metal, more frequently as sulphide. It is 
a highly crystalline metal, of a reddish-white color, fusible at 
476^, and even volatile in close vessels. When heated in the air 
it bums with a bluish flame, forming oxide of bismuth. Bismuth 
is an ingredient in Newton's fusible metal, and in various fusible 
alloys. 

BISMUTH ARD OXTGXK. 

a. Protoxide of Bismuth. Bi O = 79-083. 

To obtain it, bismuth is dissolved in nitric acid, and the solution 
thrown into water, when a copious white precipitate of subnitrate 
of bismuth is formed. This is washed, dried, and ignited, and 
protoxide of bismuth is left. It is a yellow powder, fosible at a 
red-heat. With acids it forms colorless salts. Most of these salts 
are decomposed when thrown into water ; and this character, 
coupled with the black caused by sulphuretted hydrogen, enables 
us easilv to recognize the presence of bLsmuth, and to separate it 
from other metals. 

b. Peroxide of Bismuth. Bit Os =166*170. 

Formed when protoxide of bismuth is fused with hydrate of pot- 
ash, or when it is digested in a solution of chloride (hypochlonte) 
of soda. It is a heavy brown powder, oi a neutral character. 
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CUoride of Bismath. Bi CI == 106-43. 

Powdered bismuth takes fire in chlorine gas, and forms a gray 
semi-solid chloride, not yolatile, the old batter of bismuth. 

Bromide of bismuth resembles iodine in appearance ; it is fusi- 
ble and volatile. 

The sulphide of bismuth found in nature is of a lead-gray 
color ; that formed by the action of sulphuretted hydrogen on th« 
salts of bismuth is black. It is a protosulphide, Bi S. 

44. TiTAHiUM. Ti = a4-3. 

This metal is found oxidized in several minerals ; and occurs 
occasionally in the metallic form, in the slag of iron works, as 
small cubical crystals, exactly similar to copper in appearance, of 
8p. G. 6*3, and very infusible. When heated with nitre, they are 
oxidized, producing titanic acid. 

TITANIUIC AND OZTGBlf. 

a« Protoxide of Titanium. Ti 1 

When a solution of titanic acid in hydrochloric acid is acted on 
by zinc, a purple powder is thrown down, which is supposed to be 
a hydrate of tne protoxide. It rapidly absorbs oxygen from the 
air, and is reconverted into titanic acia. 

b. Titanic Acid. Ti O2 = 40-326. 

To obtain this acid, rutile, which is a native titanate ofiron and 
manganese, is heated to strong redness in a porcelain tube, and 
sulphuretted hydrogen gas passed over it, which acts on the oxides 
of iron and manganese, converting them into sulphides ; the opera- 
tion is continuea as long as water is formed, and the residue is 
digested in hydrochloric acid, which dissolves the sulphides, leav- 
ing the titanic acid, mixed with a little sulphur. Should it not 
appear quite white, the process is repeated. 

Titanic acid is a snow-white infusible solid, in its relations some- 
what analogous to silicic acid. When it has been fused with alcali, 
it becomes soluble in strong hydrochloric acid, but it is precipitated 
by boiling. A solution of galls causes an orange-red color in its 
solution, and a rod of zinc causes a purple deposit. Titanic acid 
is used in making the finer kinds of enamel for artificial teeth, 
irom its whiteness and hardness. 

Bichloride of Titanium. Ti Clt = 69-77. 

Formed by passing chlorine gas over metallic titanium, or a 
mixture of titanic acia and chared, at a red-heat It is a trans* 
parent colorless liquid, boiling at a little above 212^, and fuming 
strongly in the air. When a few drops of water are added to a 
portion of it^ a very violent action takes place, and a solid hydrate 
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of titanie aeid is left, hydrooblorw aeid being giren off. Ti Oli, 
+ H O a Ti Oa + 2 II CI. It absorbs a large quantity of ammo- 
nia, and yields a solid compound. 

Bisnlphide of titanium is formed by passinflr the Ytmor of -bisul- 
phide of carbon over titanic acid, at a white-heat : CSs + Ti 0* 
es COa +TiSfl. It forms thick, green masses, which become 
yellow and metallic-looking by fricticm. 

46. Tellubium. Te = 64'2. 

This Tery rare metal occurs alloyed with gold and mlver. It 
has a eolor between that of tin and lead, is Tery brittle, and has 
the Sp. G. 6-2678. It is Tery fusible, and Tolatile at a red-heat. 
It forms two oxides. The first, oxide of tellurium, or tellurous 
acid, Te Ot, is analogous to selenious acid, and like it formed by 
the action of nitric acid on the metal. It is a white insoluble pow- 
der, which forms with the alcalies crystal! izable salts, from which 
it is separated by acids as a flaky hydrate, which dissolres in 
acids, and CTen in water. It is blackened by sulphuretted hydro- 

fsn, and reduced to the metallic state by zinc and other metals, 
he other oxide is telluric acid, Te Os ; which is formed when 
tellurium is deflagrated with nitre. It is a soluble and crystal- 
Usable acid; the crystals are Te Os, 3 HO. Its salts are not 
much known. 

There are two chlorides : the protochUnride, Te CI, a black solid, 
yielding a Tiolet Tapor ; and the bichloride, a white, Tolatile, crys- 
tallizabie solid. 

With sulphur, tellurium forms two compounds, one <^ which, the 
bisulphide, Te Sa , is a daik brown powder ; the other is yellow, 
but not permanent. 

With hydrogen, tellurium fonns a gaseous compound, obtained 
by the action of hydrochloric acid on an alloy of tellurium with 
sine. It is a feeble acid, analogous in composition, smell, and 
other characters, to sulphuretted hydro^n. With water it forms 
It claret-colored solution, which precipitates many metallic salts, 
yielding precipitates which are telturets of the metals, analogous to 
the sulphides and selenturides. Its formula is H Te, and its action 
on metallic oxides is HTe+ M O = M Te + HO. 

46. CoFFEB. Cn=31'6. 

This important metal b sometimes found as metal, but it chiefly 
occurs in copper pyrites, the sulphide, and in blue copper ore, or 
malachite, which is carbonate of copper. The latter ore, heated 
with charcoal, yields the metal most easily. It is distinguished 
from all other metals, except titanium, by its red color. It melts 
in a strong red-heat, and has the Sp. G, 8*667. It is both ductQe 
and malleable, and has a hi^h degree of tenacity. It is hard, 
elastic^ and sonorous. Heated in the open fire it aneoribs oxygen. 
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and prodaees s* blaek etitst of oxide of copper, Ou 0. Its proper 
«o)vent is nitric acid, but it dhsolFes in all acids if air be admitted, 
even in tbe cold. This renders its use for culinary purposes 
dangerous, as copper vessels left with vinegar, or any vegetable 
acid in them, are sure to be corroded, and the solutions are very 
poisonous. Copper is an ingredient of brass, in which it is com- 
bined with sine ; and of bronce and belUmetal, in which it is 
alloyed with different proportions of tin. 

OOPPKR AND OZTOEN. 

a. Protoxide of Copper. Cu O = 39-613. 

Syw. Mack Oxide of Copper — Is obtained, as above, by heat- 
ing copper in air, or by calcinating nitrate of copper, when the 
oxide is lefb. It is a heavy black powder, which is a strong base, 
and forms with acids, salts, all of which are blue or green. The 
solutions of this oxide have generally a blue color : thev give with 
potash^ a pale-blue hydrate, becoming black when boiled in the 
liquid in wnich it was formed ; with ammonia in excess, a deep 
violet-blue solution ; with sulphuretted hvdrogen, a black ; and 
with ferrocyanide of potassium, a chestnut brown precipitate. The 
last test is highly delicate. Iron throws down metallic copper 
from these solutions. Black oxide of copper is not decomposed 
by heat, but has the valuable property ot yielding all its oxygen 
at a red-heat to organic matter : hence its moportance in organic 
analysis. 

b. Suboxide of Copper, Ca« O ss 71*213. 

Srv. Red Oxide of Copper — Occurs native, and is formed 
when a mixture of dried sulphate of copper, dried carbonate of 
soda, and copper filings, is i^ited strongly for 20 minutes. It 
is a red powder. It dissolves m hydrochloric acid, forming a color- 
less solution, from which alcalies precipitate an orange nydrate ; 
but most acids resolve it into black oxide and copper. Cua =s 
Ou 0-|- Cu. It is a feeble base. 

OOPPBlt AND OHLORINB. 

Chloride of Copper. Cu CI s= 66*02. 

Forms green deliquescent needles, which are a hydrate. The 
anhydrous chloride is yellow. 

Dichloride of Copper. Cus CI =s 98*62. 
Is found when oopper-filings are heated with 2 parts of corrosive 
sublimate. A resinous-like, iusible mass, of a yellow or brown 
color. 

Diniodide of Copper. Cut I = 189-7. 

Formed when iodide of potassium is added to a solution of 1 
part of sulpate of copper, and 3 parts of sulphate of iron. It falls 
as a dirty white precipitate. We are thus enabled to precipitate 
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the wbole of the iodine from anj iodide; for if we add aolj 
snlphate of copper, not more than one-half of the iodine is got^ 
the other half being set free, because no prototodide of copper 
exists. 

Disulphide of Copper. Cat S =s 79*32. 

Thu is the native ore, copper pyrites, and is formed when sul- 
phuretted hydrogen acts on solutions of copper. 

The best antidote to the preparation of copper is white of ^g, 
which forms with oxide of copper an inert c<Hnpound. 

47. Lead. Pb = 103*6. 

This Yaluble metal chiefly occurs combined with sulphur, 
forming the mineral galena, or lead-glance, from which all the 
lead of commerce is obtained. It is also met with as carbonate, 
sulphate, phosphate, and arseniate of oxide of lead. The galena 
b roasted, to expel the sulphur and oxidize the lead, and the oxide 
is heated with cnarcoal to reduce the metal ; indeed, a good deal 
of lead is obtained by heating the ore alone in a reverbatory fur- 
nace, where it is partly converted into sulphate of lead, and partly 
into oxide. Botli of these act on undecomposed sulphide, yielding 
sulphurous acid and metallic lead : thus 2 Pb O + Pb S ^ S Os -f* 
Pba ; and Pb O, S O3 + Pb S = 2 S O2 + Pbj. 

Lead has a bluish-gray color, and high lustre, but soon tar- 
nishes. Its Sp. G. is ll*38t. It is malleable, ductile, soft, and 
flexible, but of inferior tenacitv. It melts at about 612^. When 
heated in air it is rapidly oxidized, aud, according to the heat, 
yields protoxide, or red oxide. The gray matter that forms on the 
surface of melted lead is a mixture of metal and protoxide. 

Lead, when exposed to the action of air and moisture, is rapidly 
corroded, and particularly in contact with pure or rain-water, form- 
ing a white crust of carbonate, which is nighly poisonous. The 
oxygen and carbonic acid are absorbed from the air. This renders 
lead quite improper for pipes or cisterns, where rain-water, or very 
soft water is to be kept m them ; but Dr. Christison has shown 
that lead is protected by the presence of a minute quantity of saline 
matter, particularly sulphates, and as these exist in hard water, or 
even in such water as that of Edinburg, in sufficient quantity, lead 
may be safely used in such cases, as it is not corroded, the surface 
becoming covered with an insoluble film, which protects the mass 
of the metal. 

Lead is a most useful metal, not only in itself^ but as an ingre- 
dient in pewter, solder, and other important alloys. 

UBAD AND OXTGSV. 

Protoxide of Lead. Pb O = 11 1 -6 1 8. 

Prepared by heating lead in air till it is entirely converted into 
a yellow powder, which is the protoxide, often called massicot. 
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Wben partly fused, as in the process of eupellaUon, it is called 
litharge. It is a heavy, insoluble, yellow or reddish powder, which 
is a base, and forms with acids the salts of lead, which are gener- 
ally colorless, and have a sweet taste. Their solutions give with 
potash a white hydrate, soluble in excess ; with carbonates, a white 
carbonate, which is the paint, white lead ; with sulphates, or sul- 
phuric acid, a white insoluble sulphate ; with iodide of potassium, 
a bright yellow iodide of lead ; with sulphuretted hydrogen, a 
dark brown, nearly black sulphide. Lead is very easily recognized 
in solution by the combination of the two tests of sulphuric acid 
and sulphuretted hydrogen, or iodide of potassium and sulphuret- 
ted hydrogen. 

b. Sesquioxide of Lead. Pbs Os =231239. 

Is formed when solution of hypochlorite of soda is added to 
protoxide of lead dissolved in caustic soda. It is a reddish-yellow 
usoluble powder, resolved by acids into protoxide and oxygen. 

c. Peroxide of Lead. Pb Os = 1 19*626. 

Prepared by acting on red oxide of lead (see below) with dilute 
nitric acid, which dissolves protoxide, and leaves peroxide of lead 
as a puce- colored insoluble powder. It is also formed when 
litharge is fused with chlorate of potash at as low a heat as possi- 
ble ; and when chlorine is passed through a solution of acetate of 
?rotoxide (sugar of lead). Here, 2 Pb + CI = Pb CI + Pb Oa . 
^he peroxide yields oxygen when heated, or when acted on by 
acids, which combine with protoxide, liberating oxygen. 

d. Red Oxide of Lead. Pbs O4 = 342*802. 

This well-known pigment is formed when lead is exposed to a 
current of air at 600** or 700**. It is formed either of protoxide 
aAd peroxide, 2 Pb -|- Pb Oa ; or of sesquioxide and protoxide, 
Pbi Os-j-PbO. Acids resolve it into peroxide and protoxide. 
It is much used in the manufacture of flint g^ass, to give brilliancy 
and fusibility to the glass. 

Chloride of Lead. Pb CI = 39-02. 

Is formed when hydrochloric acid or a soluble chloride is added 
to any solution of a salt of protoxide of lead : H CI -f- Pb sas 
Pb CI -}- H 0. It is deposited in strong solutions as a white pre- 
cipitate, sparingly soluble in cold water. It dissolves in hot 
water, and forms white needles on cooling. It is fusible below a 
red-heat, and forms on cooling a homy mass. 

Iodide of Lead. Pb I = 229-9. 

Formed when hydriodic acid or a soluble iodide is added to a 
salt of protoxide of lead : K I -{- Pb 0, N 5 =: Pb I + K 0, N 0« . 
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It forms a brighi-jdloir rery sparingly soluble prec^tste, wliidi 
disserves in hot water, lomiiDg a colorless solution ; and» on cock- 
ing, deposits beautifal yellow six*sided tables, with the histre of 
gold. 

Bromide of lead, Pb Br, resembles the chloride. 

Sulphide of Lead. Pb 8 = 119-7. 

This is the native compound from which the lead of commerce 
is obtained. It is gray, and has a high metallic lustre, and is 
cfien found beantifiilly crystallised in cubes. By the action of 
fimiing nitric add, it is entirely converted into sulphate of lead : 
PbS + 4N05=PbO,S03 + 4N04. It b formed by the 
action of sulphuretted hydrogen on the salts of lead, as a black 
powder. 

OuDBU 3. — Mktals, the Oxibss or which asm nsDircBn to 

THK MSTALUC StATB BT A RsD-HBAT. 

48. Mekcurt* Hg = 302. 

This metal is distinguished from all others by its being liquid at 
ordinary temperatures. It is occasionally found in the metallie 
state ; bat its usual ore is the bisulphide, known as cinnabar. 
From this it is obtained by distilling it in iron yessels with inm 
filings. 

l%e appearance of mercury or quicksilver is well knowiL 
Its Sp. G. IS 13-645 at 47° : but it contracts in freezii^ ; and aa a 
solid, its Sp. 6. is 15-612. It freezes at —39% and boils about 
620°. When heated to its boiling point along with air, it slowly 
combines with oxygen, forming a red powder, which is peroxide 
of mercury, the oxydum hydrargyri rtdman per se of we older 
chemists. At a somewhat higher temperature the oxygen agaia 
separates from the metal. The uses of mercury for barometerB, 
thermometers, mirrors, <fec., are universally known. 

MXROURT AHD OXTGBK. 

a. Protoxide of Mercuiy. Hg O = 310*013. 

To prepare it, protochloride of mercury (calomel) is rapidly 
Biixed witn aqua potassce in excess, by rubbing in a mortar ; and 
the black powder formed is washed with cold water and dried in 
the dark. Hg CI + K = K Ci + H^ O. It is a black or dark 
olive powder, which is easily resolved into peroxide and metal: 
2 Hg O «s Hg Os + H^ : and hence is difficult to keep. It is a 
feeble base, and forms with acids crystallfzable salts, such as the 
acetate and nitrate. Its solutions are precipitated black by caustic 
alcalies ; white (calomeH by hydrochloric acid, or a soluble 
chloride ; and the metal is reduced by copper, phosphorous add, 
or protoddoride of tin. 
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b. Perosdde of Merenry. HgOt xsdl8'036. 

Is formed, as above mentioned, by the combined action of heat 
and air; but much more readily by dissolving mercury in nitric acid, 
evaporating to dryness, and healing the dry residue as long as 
any nitrous acid is given off. The peroxide is left in the form of 
a crystalline scaly powder, nearly black while hot, but of a light* 
red when cold. In this form it is often called red precipitate, a 
most absurd name, as it has not been prepared by precipitation, 
and when preoqntated it appears as a yellow hydrate. It is a 
base, and forms salts with acids, which are apt to be decomposed 
by hot water, jdeldinff insoluble yellow sub-salts and soluble 
super-salts. These salts give a yellow precipitate with caustic 
potash, a white with ammonia, and a fine scarlet with iodide of 
potassium; phosphorous acid, protochloride of tin and copper, 
reduce the mercury to the metallic state. 

Both the oxides of mercury, in their solutions, are precipitated 
black by sulphuretted hydrogen. 

MXBOUBT AND OBLOBINS. 

a. Protochloride of Mercury. Hg CI = 237*42. 

8yv. Oalomei — Occurs sparingly as horn quicksilver in the 
mineral kingdom. May be prepared either by subliming a mix- 
tare of bichloride of mercury and mercury, Hg 01s + Hg, which 
yields SHgCl; or by adding hydrochloric acid or solution of 
common salt to a solution of protonitrate of mercury, when the 
protochloride is precipitated : tig O, N Os -|- Na 01 ss Na O, N Ob 
•+ Hg 01. It ifl a heavy white volatile powder, insoluble in water. 
It is blackened by alcalies. When first prepared, it b always 
.oontaminated with corrosive suUimate, and must be well washed 
with hot water before it is used as a medicine. 

fo. Biehloride of Mercury. Hg 01 1 = 272* 84. 

Stk. Corrosive SuUimaie. — This compound is formed when 
mercury is so heated as to bum in chlonne gas. It is prepared 
by subliming a mixture of bisulphate of peroxide of mercury 
with common salt: HgOa,2S03 -f SNaOlss 2(Na0,803) 
-f- Hg Oil. Or it may be formed by dissolving peroxide of mer^ 
cnry in hydrochloric acid, when it is deposited in crystals. It is a 
heavy, translucent, crystalline, volatile solid, soluble in 20 parts 
of cold water, and in 2 parts of hot water. It has a very disa- 
greeable, acrid, metallic taste, and is very poisonous. Its solution 
^ves, with fixed alcalies, a yellow precipitate of hvdrated perox- 
ide ; with ammonia, a white insoluble powder, called white pre- 
cipitate ; with sulphuretted hydrogen, first a white, and when the 
test is added in ewoeaa, a black precipitate of sulphide; with 
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iodide of poUwivD, a seariet precipitate of periodide ; and witli 
protoclilonde of tin, a gray powder of mnniog mercury. 

The proper antidote to corrosire sublimate as a poison, is allm- 
men or white of egg, which forms with it an insoluble and inert 
eomponnd. 
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a. Protoiodide of Mercury. Hgl=s338'3. 

This compound is formed when iodine and mercury are rubbed 
together in the proper proportions, with a little alcoh<d, which 
facilitates the combination ; or when iodide of potassium is added 
to solutions of protoxide of mercury : Hg 0-f'KI==KO + Hg L 
It is a greenish-yellow, heavy insoluble powder, which may be 
aublimed ; but is apt to be decomposed by heat, and especially by 
light, into metallic mercury and periodide : 2 Hg I = Hg la 4" Hg. 

b. Biniodide of Mercury. Hgit = 454*6. 

8tv. Periodide <^ Mercury — Is obtained by rubbing together 
iodine and mercury in the proper proportt<ms, with a little alcohol, 
and subliming ; or by adding iodide of potassium to a solution of 
corrosive sublimate : Hg CU + 2 E I = 2 K CI + Hglt. It is an 
insoluble powder of the most brilliant scarlet color, superior to 
that of vermilion, and equal to that of certain flowers, sueh as 
lobelia cardinalis, salvia splendent, and certain varieties of peUur- 
ffonium: but unfortunately it loses part of its brilliancy, when 
exposed to light under certain circumstances. Although insoluble 
in water, it dissolves easily in an excess of either of its predp- 
itants ; a hot solution of nitrate of peroxide of mercury disaolvee 
it, and on cooling, deposits it in beautiful red crystals. 

The biniodide, when heated, undergoes a remarkable chance : 
the red powder, which has an earthy aspect, passing into yellow 
crystals ; and when further heated, melting and subliming in large 
yellow rhombic tables. Either these, or the yellow crystalline 
powder first mentioned, sometimes retain their yellow color pretty 
long ; but agitation, or friction, or the mere touch of a sharp 
point, at once causes them to become red, bee^inning at a point 
or points, and gradually changing throughout the mass. This is 
the result entirely of a new molecular arrangement ; for the com- 
position of the red and yellow iodide is precisely the same. 

The bromides of mercury are very similar to the chlorides. 

MSROURT AND BUI«PHUB. 

a. Protosulphide of Mercury. Hg S = 218* 1 . 

Formed by the action of sulphuretted hydrogen on diluted 
protonitrate of mercury. It is a black powder which, by heat, in 
resolved into metallic mercury and bisulphide. 
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b. Bisulphide of Mercury. H^ 81 = 934*3. 

Occurs natnrally, as cinnabar, and is the chief ore of mercurj. 
Is formed by fusing sulphur with 6 parts of mercury, and sub- 
liming ; or by pounng a solution of corrosive sublimate into an 
excess of sulpnide of ammonium, when a black powder falls, 
which is to be dried and sublimed. When sublimed, the bisul- 
phide forms a dark-red crystalline mass, called cinnabar, which, 
when finely powdered, acquires a very fine red color, and becomes 
vermilion. 

The black powder obtained by triturating together equal parts 
of mercury and sulphur, and long known as Ethiop's mineral, is a 
mixture of sulphur with bisulphide. It is to be observed, that the 
bisulphide, like the biniodide, exists in two states, being sometimes 
black, and sometimes red. 

49. Silver. Ag=: 108*31. 

This beautiful and useful metal is found in the metallic state ; 
also, as chloride and as sulphide. It occurs also alloyed witli 
gold, tellurium, antimony, copper, and arsenic. Almost all vari- 
eties of galena (the ore of lead) contain a small proportion of 
sulphide of silver ; and in many places, it is found worth while to 
extract this silver from the leaa smelted from the ore. The 
separation of lead from silver is effected by cupellation ; that is, 
by heating the allov in a current of air, when the lead is oxidized, 
and the oxide is either absorbed by the cupel or porous cup ; or, 
on the large scale, is raked away to the side, while the silver 
remains as a bright metallic globule, or button. From the ore in 
which silver occurs as metal, it is extracted by amalgamation with 
mercury ; and the amalgam being distilled, leaves pure silver. 

When the proportion of silver in lead is very small, it may be 
still rendered available by melting the lead, and allowing it to 
crystallize ; the crystals which form are pure lead, and as these 
are separated, the silver gradually accumulates in the fluid portion. 
This at last comes to be very rich in silver, and i^ cupelled apart 
to obtain the latter metal. 

Silver has a fine white color and high lustre. It is highly mal- 
leable and ductile, and, when pure, is a soft metal. Its Sp. G. is 
10*5 ; it melts at a full red-heat, and when melted in open vessels, 
it absorbs a considerable quantity of oxygen, without apparently 
combininsr with it; and on consolidatinj?, gives out the whole, 
causing the metal to assume a beautiful frosted aspect. The uses 
of silver are quite familiar. For the purpose of making coinage, 
or silver plate, it is alloyed in this country with rather less than ^ 
of copper, which renders it much harder and fitter for wear. 

When silver, as commonly happens, has been alloyed with cop- 
per, it is purified in several ways. 1 . By dissolving the alloy m 
nitric acid, and adding common salt, which throws down the silver 
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as chloride ; aod fifom this tbe nelal is flepftnitod (see below). 
2. By dissolving the alloy ia oil of vitrioU with the aid of heat, 
and acting on the hot solution with metallic copper^ which pre- 
cipitates the silver as metal, the copper taking its place in the sola- 
tion. In both processes, the small quantity of gold usually present 
in commercial silver, is left by the acid as a black powder, when 
the silver and copper are dissolved ; and its extraction generally 
covers the whole expense of the purification of the silver, leaving^ 
besides, a profit to toe purifier. 

Oxide of Silvier. Ag O s= 116'S9S. 

This, the only oxide of silver, is obtiuned by dissolving silver in 
nitric acid, and adding caustic potash, when the oxide is precipitated 
as a brown powder. It may also be formed by boiling the moist^ 
recently-prepared chloride with very strong potash, when it appears 
as a very dense pure black powder. It is a base, and neutralizes 
all acids, forming salts, most of which are insoluble, or sparingly 
soluble. The oxide is reduced to the metallic state by a red-heat 
Its solutions are easily recognized. They give, with caustic fixed 
alcalies, a brown precipitate ; with ammonia, a similar one, soluble 
in the sli£;htest excess ; whith hydrochloric acid, or any soluble 
chloride, the white curdy precipitate of chloride of silver, insoluble 
in water and acids, but soluble in ammonia ; and with sulphuret- 
ted hydrosen, a dark-brown, nearly black precipitate of sulphide^ 
Silver and all its compounds are very sensitive to sulphuretted 
hydrogen, which blackens them. Most of the compounds of oxide 
of silver are very soluble in ammonia ; and all the compounds of 
silver are darkened by the action of light, a property which has 
lately been applied to useful purposes in the damerreotype, calo- 
type, and otlier photographic metnods. Oxide of silver is reduced 
to the metallic state from its solutions by copper, zinc, and several 
other metals. When mercury b used, there is formed a beautiful 
arborescent crystallization of an alloy of silver and mercury, called 
Arbor Dianse. 

When precipitated oxide of silver is acted on by ammonia, a 
dark powder is formed, which fulminates violently when heated, 
or by friction. Its compo^tion is not exactly known; but it 
probably contains a compound of silver with nitrogen. 

Chloride of Silver. Ag 01 sr= 143-78. 

Is found in the mineral kingdom as horn silver ; and is formed 
whenever oxide of silver comes in contact with chlorine, hydro- 
chloric acid, or a soluble chloride. Ag = H CI ^or M CI) =s Ag 
01 -t- H (or M O). It then forms a heavy wnite curdy pre- 
cipitate, quite insoluble in water and acids, but soluble in ammonia. 
Hence, a solution of silver is a most delicate test for hydrochloric 
acid, or chlorides. The chloride melts at a heat below 600°, and| 
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itated chloride is rery sensitive to light, and this is the foundatioii 
of Talbot's calotype. 

To reduce the chloride to the metallio state, serera] methods 
are followed. 1. It is covered with water acidulated with hydro- 
chloric acid, and a tod of sine is introduced, which gradually 
reduces the whde mass of ohloride: Ag 01+ Zn =» Ag+ Zn 
CI. The silver is digested in dilute hydrochloric acid, washed, 
dried, and fused. 2, The dried chloride is fused widi carbonate 
of pc^sh ; when carbonic acid and oxygen are given off, chloride 
of potsjBsium is formed, and metallic silver collects as a button in 
the bottom of the crucible. In this process, the effervescence is 
troublesome: and if the heat be not high enough, the silver 
remains disseminated in the mass ; while, if the heat be too high, 
the crucible is corroded, and the silver flows into the fire. Hence 
this process, although it succeeds in experienced hands, is very 




very strong caustic potash, 
into black oxide of silver entirelv, or in great part. The oxide is 
then heated with a little pearlash and Ixtrax, and yields a button 
without any risk of failure. The oxide thus prepared, answers 
admirably for making pure nitrate of silver, as diluted nitric acid 
dissolves it instantly, leaving undissolved any undecomposed 
chloride. The action of the potash in the two last processes is 
very simple : Ag CI + K = K CI + Ag 0. 

Iodide of Silver. Ag I » 234-88. 

Formed under the same circumstances as chloride of silver, 
which it resembles. It is a yellowish-white insoluble powder, 
insoluble in water, and nearlv so in ammonia. It is very sensi- 
tive to light, and a film of iodide of silver is the substance which 
receives the impressions in the silver plates of the daguerreotype. 

The bromide of silver is very similar to the chloride. 

Sulf^tide of Silver. Ag S a 134*48. 

Occurs as a mineral, silver glance, and is formed by the aetion 
of sulphuretted hydrogen on oxide of silver, or indeed on silver 
itself, or any compound of it whatever. Polished silver is instantly 
tarnished by the minutest trace of sulphuretted hydn^en, so that 
coal gas, which contains a mere trace of that gas, cannot be used 
in silversmiths' shops. It would appear that the affinity of silver 
for sulphur is very powerful 

60. Gold. Au s 199*3. 
This metal is found native, either pure or alloyed with silver 
and tellurium. When combined with silver, it is purified bv 
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qaartation ; that is, by ftising it with so mnch ailTer, that tke 
gold does Dot exceed one-fourth of the mass, and then acting on 
the alloy by nitric acid, which dissolves the silver, and leaves the 
gold as a black or brown powder, which, when fused, assumes the 
peculiar yellow color of gold. 

Gold is distinguished by its pure yellow color, high metallic lus- 
tre and great density. Its Sp. G. is 19-3. It is the most ductOe 
and malleable of all metals ; and it melts in a strong red or white 
heat. From its feeble aflfinittes, gold does not readily tarnish, and 
may be heated for any time without change, except when it is ex- 
posed to a strong electric spark, when it bums with a green light. 
ao single acid dissolves it ; but it is easily dissolved by chlorine 
and by nitro-hydrochloric acid, or aqua regia, chlorme being 
apparently the solvent in both cases. 

GOLD AND OZrOSR. 

The oxides of gold can only be obtained by indirect means. 

a. Protoxide of Gold. Aa O = 207-213. 

Fonned by the action of cold potash on protochloride of gold. 
It forms a green precipitate, which is soon resolved into peroxide 
and metallic gold. 

b. Peroxide of Gold. Au O3 =s 223-239. 

Obtained by adding carbonate of potash to a neutral solution 
of perchloride of gold, as a brownish-yellow hydrate, which at 
212** loses its water and becomes black. It is a very feeble base, 
having apparently a tendency to combine with bases rather than 
with acids. When acted on by ammonia it yields iulminatinff gold, 
a very dangerous compound, which probably, like fulmmating 
silver, contains a compound of ^Id with nitrogen. A binoxide 
of gold, Au O2 , is supposed to exist, and to be formed as a purple 
powder when gold is burned by the electric spark. 

GOLD AND OHLOBIDX. 

a. Protochloride of Gold. Au CI =: 284-67. 

Fonned by exposing the perchloride to a heat of 600^. It is 
a yellow insoluble powder, which by boiling in water ' is changed 
into metallic gold and perchloride. 3 Au CI = Aus -{- Au CI3. 

b. Perchloride of Gold. Au CU =306-61. 

This, the usual form in which gold is dissolved, is formed when 
gold is acted upon by aqua regia or by chlorine. It forms, when 
evaporated sufficiently, ruby-red crystals, which are deliquescent. 
The solution is yellow. It is reduced to the metallic state hj 
many deoxidising agents, such as protosulphate of iron, formic 
acid and formiates, ic, d^c; and when the reduction takes place 
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in a diluted solution, the metallic gold appears as a blue powder 
as long as it is suspended in the liquid. Deoxidizing agents prob* 
My act by decomposing water, the hydrogen of which deprives 
the gold of chlorine. Chloride of gold is also reduced directly 
by the action of hydrogen, phosphuretted hydrogen, and metals* 
When heated it is first reduced to protochloride and afterward to 
metallic gold. 

When solution of protochloride or sesquichloride of tin is added 
to solution of gold, a purple precipitate is formed, long known as 
the purple of Cassius, and used for staining glass. Its composi- 
tion is not known with certainty, but it contains gold, tin, and 
oxyffen. 

Tne iodides of gold are in composition analogous to the 
chlorides. The sulphide, formed by the action of sulphuretted 
hydrogen on the perchloride, is a black powder, supposed to be a 
tersulphide, Au S3. 

61. Platikum. Pt=s 98-84. 

This metal, like gold, is found in the metallic state, but always 
alloyed with other metals, and generally mixed, as the ore of pla- 
tinum, in the form of sand, with gold, silver, and other minerals 
in small proportion. The purification of platinum is a tedious 

r ration, too difficult to be described here m a few words. But 
essential parts of the process are the dissolving the platinum 
ore in aqua regia ; the precipitating the platinum as a double 
chloride of ammonium ana platinum ; and the igniting of this salt, 
which leaves pure platinum in a spongy state, containmg, perhaps, 
a trace of iridium. The double chloride may also be reduced 
by the action of zinc and diluted sulphuric acid, when the plati- 
nimi is obtained as a dense black powder. Spongy platinum is 
rendered melleable by being first exposed to powerful pressure, 
and then heated and hammered till it is rendered dense and work- 
able. Or it may be fused before the oxyhydrogen blowpipe, being 
quite infusible in the furnace. 

Pure platinum resembles silver, but is not so white. Its density 
is about 21*5, and it is both malleable and ductile, particularly 
the latter. It is not melted by any furnace-heat, nor acted on by 
air and heat together ; hence its extreme utility to the chemist. 
When i^ited with caustic alcalies, however, it is oxidized and 
corroded ; and care should be taken never to heat any metal in 
vessels of platinum, as it readily forms alloys, and is much injured 
in consequence. The proper solvent of platinum is chlorine or 
aqua regia, but it dissolves less easily than gold. 

One of the most important properties of platinum is its power 
of causing gases to enter into combination. When a current of 
hydrogen gas falls on spongy platinum or platinum powder in the 
air, combination between hydrogen and oxygen takes place at the 

26 
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wrfiioe o£ the pktiimny and the beat derekped is mMaeai to 
make the metal red-hot The red-hot metal, then aeting like aa^ 
other red-hot body, sets fire to the hjdrogen. This power m 
present eren in w&d polished platbinm ; for if a perfectly clean 
plate of platinum be wtrodneed into a mixture ci oxygen and 
iiydrogen» it will cause them to combine, ^d may, by becommg 
red-hot, even produce explosion. But the power is seen in great* 
est perfection m the black powder of platmum ; and Dobereiner 
has shown that this powder contains within its pores about SfiO 
times its volume of oxygen, which, as the pores do not exceed ^ 
of the powder, must occupy no more than T^rr ^ ^ ^^^ ^ S^ 
and must be denser than water. This explains the action on 
hydrogen. In the case of the pdishcd metal it is supposed that 
the particles of the gases, which repel each other, are attracted by 
the metal, and consequently, on its surfiiee, come wUhin the sphere 
of affinity. The powder of platinum, by virtue of the oxygen in 
its pores, rapidly oxidizes the vapor of alcohol into acetic acid, d^c ; 
ana the sm^lest portion of this powder introduced into a mixture 
of oxygen and hydrogen causes instantaneous explosion. 

OXIDBB or ThkTIBJJU* 

Platinum appears to form a green protoxide, Pt O, and a rust- 
colored binoxioe, Pt Os, which, when anhydrous, is nearly black: 
but these compounds are even more prone to change than the 
oxides of gold, and the binoxide is hardly to be obtained pure, 
owing to its tendency to combine with the alcalies used to precipi- 
tate it. Both oxides are prepared from the chlorides. 

PLATIHtrM Aim CHLOBIHX. 

a. Protochloride of Platinum. Pt Cl= 134*31. 

Prepared by heating the bichloride to 450**, when the proto* 
chloride b left as a ^eenish-ffray insoluble powder. This 
chloride enters into combmation with ammonia, ana the compounds 
under certain drcumstances^ gives rise to several very remarkable 
organic or quasi«oiganic bates, of which platinum is an element; 

b. Bichloride of Platinum. 

This, the usual soluble salt of platinum, is best made b^ dis* 
solving spongy platinum in aqua regia, and ge&tiy evi4>onitiiig to 
the consistence of syrup, wb^n, on cooling, the whole f<Nms a 
crystalline brownish-yellow mass, very soluble in water. The 
solution of platinum is characteriMd by yieldinff metallic platinum 
as a black powder when acted on by xino and diluted sulphuric 
acid ; and by giving with salts of potash and of ammonia a spar* 
ingly soluble yellow double chknide, which is also rednoed by m» 
and sulj^hurio aeid. 
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The iodides and 8bl{dudei of phtimim cKfrreqrand in oompoaition 
to the chlorides, bn^fc are of no practioal interest. The iodides are 
very dark-colored, so that the addition of iodide of potassium to a 
solution of platinum produces a very intense reddish-brown color^ 
gradually becoming nearly black. 

52. IkmitTM. Ir=s 98*84. 

This is one of the metals which accompanies platinum. It 
occurs combined with osmium, alloyed with a large proportion of 
platinum, and occasionally nearly pure, but still containing plati- 
num. Specimens have been found of Sp. G. 23 to 26, indicating 
that iridium is the heaviest of all metals. It is also the most 
infusible, the hardest, and that which resists best the action of 
acids. 

These latter properties would render it most valuable if it 
could be wrought, out as yet it has proved refractory. It is 
remarkably analogous to platinum, from which it chiefly dififers in 
the darker color of its chloride, and of the double chlorides which 
it forms with potassium and ammonium. The latter occurs in very 
dark-red octahedral crystals, nearly black, which, when heated, 
leave metallic iridium, very similar to spongy platinum, and acting 
in the same way on hydrogen. 

Iridium forms 4 oxides and 4 chlorides, which are little known. 
They have different colors ; hence the name iridium, from iris, the 
rainbow. The oxides are Ir 0, Irs Os, Ir Oa, and Ir Os, and tha 
chlorides correspond to them. 

58. Osmium. 08 = 99*72. 

This metal is iband associated with iridiujn, constituting a small 
part of the ore of platinum, which is insoluble in aqua regia. 
When tbis residue is acted on at a red-heat, by nitre, both the 
metals are oxidieed, and the mass being distilled with sulphuric 
aeid, yields osmic acid, O8O4, which cond^ses in fusible crys- 
tals. From the acid, the metal may be obtained by the action of 
reducing agents, as a black powder, which becomes metallic by 
friction. 

Osmium is very infusible, and when it has been ignited in close 
vessels, may be heated in air without oxidation. It is chiefly 
remarkable for forming with oxygen a volatile acid, which has a 
pungent smell, like that of chlorine, and is very poisonous. It 
forms, altogether, 6 oxides, Os O, Oss Os, Os Oa, Os O3, and Os 
O4 ; 4 chlorides, and 4 sulphides, corre^nding to the 4 first 
oxides. 

Klaus has lately discovered, in the residue of platinum ora» 
along with iridium and osmium, a new metal* which from the red 
.«oh)r of its coinpoiiads> he calls Ruthenium, It ap^ars to be 
analogous to iridium, but has hitherto been little examined. 
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64. Pallabiitm. Pds=s58-3. 

This metal is also one of those vhich occur in small quantity in 
the ore of platinum. It has lately been found rather more abun- 
dantly, alloyed with gold and silver. When the ore of platinum 
has been dissolved, and the solution rendered neutral by evapora- 
tion to dryness and resolution in water, a soludon of bicyanide of 
mercury causes a flocculent, my ish -yellow precipitate of cyanide 
of palladium. When this is ignited, the palladium is left. It is 
rather more fusible than platinum, which it resembles in color, 
lustre, and malleability, but is rather harder. Its Sp. G. is 11*3 
to 11-8. From its not tarnishing, it is a valuable metal, and would 
be applied to many useful purposes, if it were less scarce. It is 
chiefly used by dentists in plates, as a substitute for gold. It is 
dissolved by nitric acid, but more easily by aqua regia. 

Palladium forms two oxides : the protoxide Pd 0, and the binox- 
ide, Pd Os , both of which are blacK when anhydrous, and brown 
or yellow when hydrated. The binoxide forms fine red salts, 
with acids, from which the palladium is precipitated, as metal, by 
other metals, and by deoxidizing agents in general. 

There are two corresponding cnlorides, a black protochloride, 
Pd CI, and a dark brown bichloride, Pd Cla . The former yields 
with chloride of potassium a yellow double chloride, the latter a 
red one. 

The protosulphide of palladium, Pd S, is easily formed by 
heating the metal with sulphur. It is a brittle fusible gray solid. 

56. Rhodium. R = 62*2. 

This metal is also found, in small proportion, in the ore of plati* 
num. It is separated from platinum, wnen both are in the state 
of chloride, by adding chloride of sodium, with which both the 
chlorides form double salts, of which the platinum salt is soluble, 
the rhodium salt insoluble, in alcohol. When purified, the rho- 
dium salt is dissolved in water, and the rhodium precipitated by 
metallic zinc. It appears as a black powder, which may be fused 
in a powerful wind furnace, and is then white and metallic, very 
hard, brittle, and of Sp. G. 11. 

Rhodium is hardly dissolved by any acids, unless when alloyed 
with other metals. The best method of dissolving it is to fuse it 
with bisulphate of potash, when it forms a soluble double salt. 
Rhodium, from its great hardness, has been used to form the tips 
of metallic pens, which are said to last wonderfully. 

It forms two oxides ; a protoxide, and a sesquioxide, Rs Os : 
and probably two corresponding chlorides. The solution of the 
sesquichloride is of a fine red color, and most of the salts of 
rhodium are either red or yellow. 

The sulphide of rhodium is bluish-gray, metallic, and fusible •! 
a white- heat. 
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ALLOTS. 

The compounds of metals with metals are called alloys, and 
many of them are extremely useful and important. The alloys 
into which mercury enters, as a component part, are called 
amalgams. 

Fine solder is an alloy of two parts of tin and one of lead. 
It melts at 360^. Coarse solder, which melts at 500^, contains 
one part of tin and three of lead. Hard solder, for copper is a 
compound of copper and zinc, the latter metal being in excess. 

Pewter is composed of tin, with a little antimony, copper, and 
bismuth ; the inferior kinds contain a good deal of lead. 

Newton's fusible metal is composed of 8 parts of bismuth, 5 of 
lead, and 3 of tin. It melU below 2\2°. 

Type metal is an alloy of 3 parts of lead, and 1 of antimony. 

Bronze is composed of about 90 parts of copper to 10 of tin ; 
bell-metal and gong-metal, of 80 parts of copper to 20 of tin. 
Speculum metal, for telescopes, is formed of 2 parts of copper and 
1 of tin, with a UtUe arsenic. 

Brass is an alloy of copper and zinc ; the best contains 4 parts 
of copper and 1 of zinc ; and when the proportion of zinc is 
increased, we have tombac, Dutch gold, and pinchbeck. 

Tutenague, or white copper, as it is called m China, or Grerman 
silver, as it is now called in Europe, is an alloy of copper, zinc* 
and nickel ; the finer kinds containmg most nickel. 

Steel appears to form valuable alloys with a very small pro- 
portion of some other metals. With a little silicon and aluminum. 
It yields a metal equal to the Indianwootz ; and with small 
quantities of silver, platinum, rhodium, palladium, and even 
iridium and osmium, alloys of prodigious hardness and toughness 
are obtained, j^j part of silver is sufficient to effect a marked 
improvement. 

Standard silver, and standard gold, are alloys, with from i^ to 
-|ij of copper, which much increases the hardness of these metals 
without mjuring their color. 

An amalgam of tin is used for silvering the backs of mirrors ; 
and an amalgam of 4 of mercury, 2 of bismuth, 1 of lead, and 1 
of tin, is used for silvering the inside of hollow glass globes. 

The amalgam used for exciting electrical machines is formed of 
1 part of zinc, 1 of tin, and 2 of mercury. 

The tendency of mercury to combine with gold and siWer is 
made use of in extracting these metals from their ores. An amal- 
gam of 1 part of gold, and 8 of mercury, is used in gilding brass. 

It is probable that the best alloys are those which contain 
atomic proportions of their ingredients ; but this subject has been 
as yet little studied. Alloys are always more fusible than their 
least fusible ingredient, and they are commonly harder and more 
brittle than their elements. They are sometimes more dense. 
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tomethnes leas dense tliaii we flhoaU expect finom ihe densifies ef 
the oomlMBing metab. 

SALTS. 

The salts are a verj important and useful class of c ompoun ds ; 
b«t oor spaee will not allow ns to describe them minutely, and we 
most be satisfied witb a few general remaHb, applicable to the 
whole ^ass, and with a brief statement of the characten which 
distinguish the separate families of salts, as marked by the acids 
they contain. We have already given, onder the different metals, 
the characters of the different bases in their salts. Fortunately 
the analogies among the very nnmeroos salts are so strong and 
well marked, that here, better than in any other department, 
minute details may be omitted. 

When the term salt was first extended beyond sea-salt, the 
original type, it was applied to substances haying similar proper- 
lies, such as solubility, neutrality, and saline taste, with the prc^ 
erty of crystallizing. It was found, after a time, that salts were 
produced by the combination of adds with akalies, or at least by 
Dringing them together ; and as sea-salt was obtained when soda 
and muriatic acid were mixed, it was supposed to be formed of 
these constituents, just as sulphate of soda was supposed to consist 
of sulphuric acid and soda. 

Bui when, in process of time, it came to be known that sea-salt 
contained neither muriatic acid nor soda, it was found necessary, 
aince it was impossible to deny the claim of sea-salt to rank as a 
sah, to admit two kinds or classes of neutral salts, one formed of 
an oxygen acid and an oxygen base ; the other, of a salt-radical 
and a metal. Thus, while svuphate of soda was Na O, 8 Os, sea- 
aak was Na CI ; the former corresponding to the hydrated add, 
H 0, 8O3 ; the latter to the hydrogen acid H CI. This, indeed, 
is the view which has for many years prevailed. 

But it did not escape the sagacious mind of Dary, that, 
according to this view, we give two different explanaticms of phe- 
nomena almost identical, and that a more truly philosophical view 
miffht be taken. 

When hydrated sulphuric acid acts on soda, we have two 
marked phenomena : these are, the formation of a neutral salt and 
the separation of water. This is represented as follows : Na O + 
H 0, 8 O5 = H O -f Na O, 8 O3. Now, when hydrochloric acid 
acts on soda, we observe exactly the same phenomena — the for- 
mation of a neutral salt, and the separation of water ; but the 
explanation is now different. It is Na -f H CI ss Na CI + H O. 

Davy showed that, in the latter case, but one explanation was 
possible — because the hydrogen could only come from the hydro- 
chloric acid, and the oxygen from the soda ; and he proposed so to 
view the former case as to bring it under the same explanation. 
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He poiated oat thaii we bavie no c«itaini^ that the hydrated ral- 
pbnrie aoid really contains water : nor the sulphate of soda, oxide 
of sodium ; and that, instead of the formula H, SO 3, we might 
with better reason adopt the formula, H, 8O4 for the acid, which 
would thus come to be considered -a hydrogen acid, differing from 
bydrochloric acid only in containing a compound radical, SO 4, 
bistead of a simple one 01. But, in the first place, chlorine may 
not foe really a simple body ; and secondly, if it were so, we know 
that compound radicals exist, performing exactly the part which is 
here ascribed to the hypothetical body 8 O4. 

Thus, cyanogen, Cy « Ca N, with hydrogen forms hydrocyanic 
acid, H Oy, which acts on bases exactly as hydrochloric stcid does, 

C 'elding a neutral salt (a cyanide) and water. M O -f* H Oy ss 
Oy + HO. 

Let us represent SO4, by Su, and then we haTe HSu=t 
hytlrated or real sulphuric acid ; and when it acts on soda, Na O 
+ HSa:=NaSu4- H O. We have then, 

Badlcttlor 
Chlorine. Qfftnogen. Sulpbnrio Add. 

Radical 01 ... Oy .... Su 

Hydrogen Acid . . . HOI. . . HOy. . . HSu 
NeutralSalt. . . . MOl . . . MOy . . . MSu. 

In this form we see that, aasumii^ sulphuric acid to be a hydro- 
gen acid, the whole of its relations admit of being expressed as 
simply as those of hydrochloric acid. These two acids, and all 
adds analogous to either of them, come imto the same category, 
and the same is true of their salts, all of which are considered 
compounds of metals with radicals, simple or compound. In this 
simple way we get rid of the absurdity of two different explana-^ 
tions for the same phenomena, and we arrive at the following 
general definition of an acid and of a salt : 

An acid is the hydrogen compound of a simple or compound 
radical, possessing the power of neutralizing bases ; and its gen- 
eral formula is H R. 

A sak is the compound formed by replacing the hydrogen of an 
acid by a metal ; and the general formula for a salt is M R. 

This is the only view that can be taken in the case of the acids 
and salts of simple radicals ; but in the case of compound radicals, 
we have already seen that another view is. taken. For example, 
oil of vitriol is considered to be, not a hydrogen acid, but an 
oxygen acid united to water, and is called hydrated sulphuric acid, 
HO, SO3 ; and in its salts tlie water is supposed to oe replaced 
by metallic oxide, M 0, S O3. 

In favor of this, the ordinary view, it is urged that dry sulphurio 
acid, SOs, exists, and that, in contact with water, it produces 
hydrated sulphuric acid ; in contact with bases, sulphates. That, 
although oil of vitriol may be viewed as H, SO4, this view is 
improbable, because the body SO4, the supposed radical, is 
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unknown in a separate form, and that many undoubted oxygen 
acids exist containing no hydrogen, as carbonic, silicic, phosphoric^ 
and chromic acids. 

To these considerations it may be repUed, that although the 
body S O3 exists, it is not truly. an acid, and does not acquire add 
properties until it has been in contact with water, and combined 
with it, that is, with hydrogen. That with ammonia, SO3 does 
not form sulphate of ammonia, but an entirely different compound. 
That, although the supposed radical S0«, is unknown in a sepa- 
rate form, the same objection may be made to the older view in 
the case of nitric acid and many other acids ; for strong nitnc acid 
is viewed as a hydrate of dry nitric acid, H O, N O5 , while dry 
nitric acid is quite unknown in a separate form. That those oxygen 
acids which exist without hydrogen, such as dry sulphuric acid, 
SOs, dry phosphoric acid, P Os, carbonic acid, COs, silicic acid, 
Bi Os, and chromic acid, Cr Os, either have no acid properties till 
water is added, as in the case of S O3 and P Oj, or possess very 
feeble and ill marked acid properties, as in the case of carbonic 
and silicic acids, which cannot neutralize the alcalies, and form 
with them an almost unlimited number of compounds. That all 
those oxygen acids which possess in perfection the acid character, 
such as oil of vitriol, nitric acid, phosphoric acid in its active state, 
and the whole of the organic acids, invariably contain hydrogen 
in a form in which it is replaced by metals in the salts, or, accord- 
ing to the older view, water, which in the salts is replaced by 
metallic oxide. Now, as in water, H O, and metallic oxide, M O, 
the oxygen is the same, it is, even on that view, hydrogen which 
is replaced by metal when an acid is converted into a salt. 

It may be added, that considerations derived from the phe- 
nomena of galvanic decomposition (Daniell), from the heat deveK 
oped when bodies ccHnbine to form salts ( Graham, Andmn), and 
£rom the molecular or atomic volume of acids and salts (Kopp), 
all concur to render it probable that oxygen acids are hydrogen 
compounds, not hydrates, and that oxygen salts contain a metal 
united to a radical, and not an oxide united to a dry or anhydrous 
acid. 

On the whole, therefore, the simpler view, and that which 
admits of but one kind of acids and one kind of salts, is, in the 
present state of our knowledge, to be preferred ; but we shall give 
the formula according to both views, since we ought to be equally 
familiar with both. 

Since salts are formed from acids by the replacement of the 
hydrogen of the acid by a metal, and since acids exist containing 
more than one equivalent of hydrogen (or of water) replaceable 
by metals (or metallic oxides), it is advisable to class the salts 
according to the acids from which they are derived, whether mono* 
basic or polybasic 
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SALTS OF MON0BA6I0 OZTOXN AdDS. 

Monobasic acids are those of which an equivalent forms a neu- 
tral salt with 1 eq. of base. The general formula of a monobasic 
acid, considered as a hydrogen acid, is H R, and its action on a 
protoxide is as follows : HK + MO = HO + MR; so that M R 
IS the general formula for a monobasic salt. R stands here for the 
radical, which with hydrogen forms the acid. 

On the other view, a monobasic oxygen acid is a hydrate con- 
taining 1 eq. of water and 1 eq. of dry or anhydrous acid, and the 
feneral formula is H 0, R Ox ; R standing here for the combusd- 
le element of any oxygen acid, which may be united with 2, 3, 
or more eq. of oxygen in the anhydrous acid. The action of such 
an acid on a base is as follows : H 0, R Oe + M = M O, R Ox 
-|- H ; so that, on this view, the general formula for a monobasic 
neutral salt is M O, R Ox . 

The most important monobasic oxys^en acids, of inorganic 
nature, are the following : sulpharic, sulphurous, nitric, hypouhlo- 
rous, chloric, perchloric, iodic, phosphoric, arsenic, arsenious, 
chromic, boracic, silicic, and carbonic acids, the salts of which are 
now to be very briefly described. The salts formed by the mono- 
basic hydrogen acids with simple radicals have been already 
described, under the respective metals, as chlorides, bromides^ 
iodides, fluorides, sulphides, &c. 

SULPHATES. 

General formula of neutral sulphates: M, SO4, or MO, SOs. 
Oeneral formula of bisulphates : M, S O4 + H, 8 O4 ; or M 0» 
S03, + H0,S03. 

Of the sulphates, some are found native ; some are very soluble, 
some sparingly soluble, some insoluble. All the soluble sulphates 
are recognized in solution by the test of nitrate of baryta, which 
causes a white precipitate of sulphate of baryta, insoluble in acids. 
All the insoluble sulphates, when fused with carbonate of soda, 
yield sulphate of soda, which may be recos^ized as above ; or, 
when heated with charcoal, they yield sulphides, which are easily 
known by their blackening the salts of lead. The action of char- 
coal on a sulphate is tlius represented : M O, S Oa, + O4 » = 4 C 
+ MS; orM,S04+C4=4CO + MS. 

The sulphates of the weaker bases are decomposed by a white* 
heat, but tnose of the stronger bases are not altered. 

Some neutral sulphates exist in the anhydrous state, M O, SOs, 
or M, S0«. Others occur combined with 1 eq. of what Graham 
calls constitutional water, requiring a red-heat for its expulsion, 
and capable of replacement by another neutral sulphate; and 
many occur with several equivalents of water of crystallization. 

Sulphate of potash crystallizes in six-sided prisms and pyramids 
which are anhydrous, its formula is K 0, S Os, or K» 8 O4 . 
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Bisulphate of potasli cmtaUkefl in fine needles, the formula of 
which is(K O, SOs -^ H 6, S03h or K,SOi + H, SO4). It Is 
a very acid salt, and is much usea as a flux in mineral analysis. 

Sulphate of soda, or Glauher's salt, forms large prisms, the 
formula of which is Na O, S O3 + 10 aq. ; or, Na, S O4 -|- 10 aq. 
It is used as a laxative ; and from this salt in its anhydrous stat^ 
(prepared from sea-salt by the action of oil of vitriol,) carbonate 
of soda is manufactured by heating it with charcoal in a reverber- 
atory furnace. 

Sulphate of ammonia (N Ha , H 0, S O3 ), or N H4 , S O4 ), crys- 
tallizes in the same form as sulphate of potash. With water of 
crystallization it forms crystals of a totally different form, N H4, 
+ SO3 -f aq. 

Sulphate of baryta, or heavy spar, occurs native in larse tabular 
and also prismatic crystals, it is remarkable for its insmubility in 
water and acids. It is decomposed by ignition with charcoal, 
yielding sulphide of barium, from which all the other compounds 
of barium may be obtained. It is anhydrous, and its formula is 
BaO,803, orBa, SO4. 

Sulphate of strontia, or celestine, also occurs native and is veiy 
analogous to the preceding. It serves, when decomposed by ignj* 
tion with charcoal, to yield all the compounds of strontium. For* 
mula, SrO, SOs, orSrS04. 

Sulphate of lime. This salt occurs nadve as gypsum, selenite, 
and alabaster, the formula of which is (CaO,S04 + HO^ + 
aq.; or (Oa, S O4 4* HO) + aq. In the mineral anhydrite, it is 
anhydrous, Ca O, S Os, or Ca, ^ 0. When heated to 270°, gyp- 
sum loses both its constitutional water and its water of crystalliza- 
tion, and falls to a fine powder whieb is plaster of Paris ; and 
which when mixed with water, combines with it again, forming* a 
solid compound or setting, as it is called. Hence its use in mould- 
inff. Gypsum is also a verj^ valuable manure. It is sparingly 
soluble m water, but its solution is precipitated copiously by salts 
of baryta. 

Sulphate of magnesia, or Epsom salts, occurs m some springs, 
and is easily made by dissolving carbonate of magnesia in sulphuric 
acid. It is very soluble, and cirstallizes readily in four-sided 

frisms, the formula of which is (Mg 0, SO3 + H0)+6 aq.) 
t b much used as a laxative. 

Sulphate of alumina does not crystallize, but it enters into the 
composition of crystallizable double salts, called alums. Its for- 
mula is AI3 03,3S03,or Als,3S04. 

A subsulphate, or trisulphate of alumina, occurs native as the 
mineral aluminite. Formula, Ala O3, S Os + &<!• 

Sulphate of mang^ese forms pale pink or colorless crystals, of 
the formula (Mn 0, S O3 -(- H 0} -h 4 aq.; or, (Msk, S O4 + H 0) 
+ 4aq. 



DOi;«».*«&ffBATES. 411 

Solphate of iron, (protoxide) or green vitriol. This welMaiown 
.sail Ibrms pale green obliqae prisms. Formula, (FeO,SOs+ 
H 0)+ 6 oq.; or (Fe S O4 -f- H 0)+ 5 aq. It is used in the mann- 
factnre of famine snlpharic acid, hence called oil of vitriol ; in 
making ink ; and very extensivelj in dyeing, and calico-printing. 
It is also much used in medicine. 

Salphate of the peroxide of iron does not crystallise, but forms 
erystallizable double salts. Formula, FesOs^SSOa; or Fes, 
3 8 04. 

Sulphate of zinc, or white vitriol, forms crystals exactly similar 
to those of sulphate of mas^nesia. Formula, (Zn, SO3, + H O) 
+ 6 aq. ; (Zn, S O4 + H O) + 6 aq. It is much used in surgery, 
and is formed when xinc is dissolved in diluted sulphuric acid. 

Sulphate of nickel forms emerald-green crystals of the same 
form as the preceding. Formula, (Ni O, S O3 + H O) + 6 aq, ; 
OT(Ni,S04+HO)+6aq. 

Sulphate of cobalt forms rose-red crystals of the same form as 

reen vitriol. Formula, Go O, 8 O3 + H 0) + ^ aq- ; or Co, 
O4 + H O) + 6 aq. 

Sulphate of chromium does not crystallize, but forms crystalliza- 
ble double salts. Formula, Gra O3 , 3 S Os ; or Cra , 3 S O4 . 

Sulphate of copper, or blue vitriol, forms azure-blue crystals, 
exactly of the same form of those of the sulphate of manganese. 
■ Its formula is r Cu 0, S03+H0^+ 4 aq.; or, (Cu,804+HO) 
+ 4 aq. With excess of ammonia it forms a deep violet-blue salt, 
the anmioniuret of copper, in which the water of crystallization of 
blue vitriol, or part ik it appears to be replaced by ammonia. 
Sulphate of copper is much used as an escharotic in surgery. 

Sulphate of peroxide of mercury is formed as a crystalline 
powder, when mercury is boiled to dryness with sulphuric acid. 
Its formula is Hg 03,2 803, or Hg, SSO4. It is used in the 
preparation of corrosive sublimate and of calomel. 

Sulphate of silver forms anhydrous crystals, having the same 
form as those of anhydrous sulphate of soda. Fc»rmula, Ag O, 
SO3, or Ag, SO4. 

DOUBLB 8ULFBATS8. 

Of these there are two well marked groups. The type of the 
first is sulphate of magnesia, and potash ; the type of the second 
is sulphate of alumina and potash, or alum. 

1. When sulphate of potash and sulphate of magnesia are 
mixed in equivalent proportions, and the solution evaporated, 
crystals are deposited of a well-marked form, the formula of 
which is (KG, SO3 +MgO, 803) + 6aq. ; or(K, SO4 + 
Mg, SO4) + 6 aq. It appears to have been formed from sul- 
phate of magnesia, by the substitution of K O, SO3, for the con- 
stitutional H 0, the 6 aq. remaining unchanged. It is but the type 
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of a large group ; for similar doable salts may be formed with 
sulpbate of potasb, and tbe salpbates of zino, nickel, cobalt, iroB» 
copper, and manganese ; and anotber series, of exactly tbe same 
form, may be obtained by substituting sulphate of ammonia for 
sulpbate of potash ; as, for example, in the double sulpbate of 
magnesia and ammonia (NHi, 0, 8 Os, 4* M^O, S Os ) + 6 aq. 

2. Clommon alum, tbe type of the second group, is formed 
when sulpbate of potash combines with sulphate of alumina, and 
its formula is (K 0, S Os + Ah, Oa, 3 S Oa ) + 24 aq. ; or (K, 
S Oi + Ala , 3 S O4 ) + 24 aq. Now this is also tbe typ of a nu- 
merous group ; for the potash may be replaced by the soda or 
ammonia, and tbe alumina may be replaced by tbe sesquioxides 
of iron, manganese, and chromium. The general formula of this 
group is (M O, S O3 + ma Os, 3 S O3 ) 4- 24 aq. ; M representing 
potassium, sodium, or ammonium, and m, aluminum, iron, mangan- 
ese, or chromium. All the salts of this group which are called alums, 
crystallise in octahedrons, and contain the same amount of water. 

When we consider the facts above noticed, the circumstance that 
the sulphates of copper and manganese, with 4 eq. of water of 
crystallization, those of iron and cobalt, with 6 eq., and those of 
magnesia, zinc, and nickel, with 6 eq. respectively crystallize in 
the same forms, different for each group ; and when we reflect on 
tbe two remarkable groups of double sulphates just described, we 
cannot avoid the conclusion, that similarity of constitution is one ' 
main cause of similarity of crystalline form ; and this constitutes 
the doctrine of isomorphism, as at present understood and admit- 
ted. By similarity of constitution is meant, not only a likeness in 
the nature of the elements present, but a similar arrangement of 
those elements. 

Thus, in common alum, K O, S Os 4* Ala Os, 3 8 Os -|- 24 aq. ; 
and in ammonia, iron, alum. Am 0, 8 Os 4- Fea Os , 3SOs 4* 24 
aq. ; not only is ammonium (Am) analogous to potassium, and 
iron to aluminum, but the new elements occupy the same position 
as the original ones, as is shown by the formula. 

SULPHITES. 

Tlie sulphites are recognized by their giving off the suffocating 
smell of sulphurous acid when acted on by a s&onger acid. They 
have lately been studied by Muspratt, who has found that a very 
close analogy exists between the sulphites and the carbonates. 

NITRATKS. 

The nitrates are prepared by the action of nitric acid on bases, 
on metals or on carbonates. They are all decomposed by a red- 
beat, and they all deflagrate with red-hot charcoal. In solution, 
they are best recognized by adding sulphuric acid and warming, 
which sets free the nitric acid, and then cautiously adding solution 
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of green Yitriol» wbich at the line of the jnnetion of the two liqnida 
becomes black or red, according to the proportion of nitric acid, 
{torn its peculiar action on the protOBaits of iron. The gene- 
ral formula of nitrates in the anhydrous state is MO, NO 5, or 
M, 0«. 

Nitrate of potash, nitre or saltpetre, is found as an efflorescence 
on the soil in not climates, and may be formed artificially in nitre 
beds. The essential conditions are the presence of a fixed base, 
particularly potash ; and of decaying orMinic matter, or some 
other source of ammonia, which is oxidized, producing nitric acid 
and water ; and the acid then unites with the base. The ammonia 
N H3, with 8 eq. of oxygen from the air, gives rise to nitric acid 
and water, N 0« + 3 II 0, or H, N Oo + 2H 0. There is no 
reason to believe that the nitrogen of the atmosphere is ever 
oxidized, or contributes to nitrification ; and the mmute trace of 
nitric acid sometimes observed in the rain of thunder-storms, has 
in all probability been formed from the ammonia of the atmos- 
phere. 

Nitre crystallizes in 6-sided prisms. It is much used in making 
gunpowder, and as an oxidizins^ agent; also in the manufacture 
of nitric acid. Formula, EO, NO5, or K, NO0. 

Nitrate of soda is formed precisely in the same way, where soda 
is the base present in the soil, and occurs in immense quantities in 
some parts of South America. It crystallizes in rhombohedrons. 
It is much used in the manufacture of sulphuric and nitric acids, 
but does not answer for gunpowder. Formula, NaO, NO5, or 
Na,NO.. 

Both nitre and nitrate of soda are used as manures : and it is 
still uncertain whether the acid of these salts contributes to the 
good effect, oc whether they act by the bases alone. 

Nitrate of ammonia crystallizes in prisms like those of nitrate of 
potash. It is used in the preparation of the protoxide of nitrogen 
or laughing gas. Formula, N H4 0, N O5 or N H4, N Oa. 

Nitrate of baryta crystallizes in octahedrons, which are anhy- 
drous. It is much used as a test, and when ignited yields pure 
baryta. Formula, Ba O, N Os , or Ba, N Oa . 

Nitrate of strontia forms anhydrous crystals, isomorphous with 
the preceding salt ; but it also occurs in large prismatic crystals, 
containing 6 eq. of water. It is used in the manufacture of red 
fire. 

Nitrate of lime and nitrate of magnesia crystallize with difficulty, 
and are extremely deliquescent. 

Nitrate of copper forms deep blue crystals, the formula of which 
isCuO,NO« -f3H0,or Cu,N0a + 3H0. There is also a 
subnitrate, the formula of which is HO, NO5 + 3CuO: the 
former salt may be viewed as nitrate of copper with 3 eq. of con- 
stitutional water, the latter as nitrate of water, with 3 eq. of con- 
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atHn&wml oiide of ccyper. When either Is %|Hled, it Icsw pan 
oside of copper, well adapted lor oigiaie analysis. 

Nitrate of lead orystalliaes in oetahedrons, and Is is a nwtuhon s 
with themtratesof baryta and stvontia. F0nnnk,PbO,NOi,ar 
Pb. NO.. 

Nitrate of mereniy is of aBoertaineoDiposition : there seem to 
be nitrates both of protoxide and peroxide* but both hare a gre at 
teodeiic7toformsaUlte.eB|K»iaI^««^ ^hm 

heated, the add is driven ofl^ and peroxide of mercury is left. 

Nitrate of silver, or lunar eanstac, is very much used as an esehik* 
rotic. It is made by dissolving pore silver, or the oxide formed 
from the chloride (see p. 226) in mtric acid and eF^ionUing, when 
crystals are deposited, which are fins tables^ anhydroos, and fnsi- 
Ue at 426^, when tliey may be ran into a mould so as to yield the 
sticks of caustic. Formula, AgO,NOs, or Ag,NO«. It is the 
chief ingredient of indelible inL Like all the other compounds 
of silver, it is blackened by light, eqteeialhr when in contact with 
organic matter. It is much used as a test for chlorine. 

CBLOBAnS. 

The chlorates are, both in formula and properties, very analo- 
gous to the nitrates. They deflagrate violently with combustible 
matter, and are easily distingui^d from nitrates by leaving 
chlorides when ignited. Their general formula is M O, CI Ot, or 
If, CIO.. 

The onlv important chlorate is chlorate of potash, the theorr 
of the production of which has been already en)lained (see p. 94). 
It forms tabular crystals, of a pearly lustre. It is chiefly used as 
a convenient source of very pure oxygen gas, and as an oxidising 
agent. Its formula is K O, 01 0. , orX CI Oa. 

The perchlorate of potash, K O, CI Or* or K, 01 Ot, is the only 
perchlorate of interest. It is so sparingly sohible that perchloric 
acid may be used as a test for potash. It deflagrates with com* 
busdble matter, although not so powerfully as the dilorate. 

HTFOGBLOBITflS. 

These salts do not, in themselves, possess much importance, 
but are interesting as forming part of the bleaching compounds 
of lime and soda, so much us^ in the arts. These bleaching 
compounds, as explained at pp. 94 and 95, are formed when 
chlorine acts on an alcali or aicaBne earth, and may be viewed 
either as composed of a hypochlorite and a chloride, or as oxy*> 
chlorides of the metal. According to the former view, which is 
the more probable, bleachinff^powder is ^Oa 0, CI O) + Oa 01. 
When acted on by an add, &e whole of its chlorine is set fipee, 
and hence its enormous Ueaehing power when an add is . used : 
hence, also, its want of bleadiing power, unless add is added. 
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Hie actkm of aolphmie acid h as foDaws : (Os O, CI 4- Ca CI) 
+ SdOs »S (CaO, SOs) + Cls. According to the latter 
yiew, bleaching powder is Ca Cl» an ozychloride, and the action 
of Bulphiirie acid is OaO CI + SOs « GaO, SOs + CI. 

Chloride of sdda, a perfectly analogous compound, is either 
NaO, CIO +NaCl, or^NaOCl; and its action with sulphurio 
add is explained exactly as above. 

lODATBS. 

These salts are, in general, analogous to the chlorates, but are 
of little practical importance. The general formula for an iodate 
isM 0, I0«» or M, lOo. When heated to redness, oxygen is 
given off, and an iodide remisins. 

The bromates are qiute analogous to the chlorates. General 
formula, M 0, Br Os, or M, Br 0<. 

FHOSPHATXS. 

There are three distinct modifications of phosphoric acid, eaoh 
of which forms Mb own salts. Indeed, were it not that these 
acids, under certain circumstances, may be made to pass into each 
other, we should never think of describing them otherwise than 
as totally distinct acids. The three acids are, monobasic, bibasic, 
and tribadc phosphoric acids. 

The so-called anhydrous phosphoric add, formed by buming 
phosphorous in dr^ air or oxygen, is not, strictly speaking, an acid, 
and does not acqmre acid properties till it has taken up the el^ 
ments of at least 1 eq. of water, when it becomes monobasic 
phosphoric acid. 

According to the usual view, the three acids are POs, H0> 
PCs, 2 HO, and PCs, 3 HO, thus containing, all of them, an- 
hydrous acid united with different proportions of water. Now 
this is quite conceivable, and we aotuaHy possess three distinct 
hydrates of sutphmric acid, SOt, HO: 80si 2H0; and SOs, 
3 HO. But we find, further, that the acid P0<, HO requires 
but 1 eq. of base, to form a neutral salt, while the acid r Os, 
2 H O requires 2 eq. ; and the acid P Os, 3 H O, 3 eq. of base to 
form neutral salts. In the case of sulphuric acid the same phe- 
n<Hnenon does not occur, for all the hydrates are neutralixed by 
1 eq. of base, yielding the same, salt, and not, as the phosphoric 
acids do, different salts. What is the cause of this difference ? 
It is not enough to say that the dry add, P Os, being in the mono- 
basic form combined with 1 eq. of water, has a tendency to take 
1 eq. of base, and so on ; for this is merely restating the fact in 
other words ; 8ttd> besides, no such tendency is observed in sul- 
phuric acid and in many other acids. 

' It appears to me that the only satis&ctory answer to the ques- 
tion is the following. The three acids are all distinct acids, and 
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none of them contains anhydrous pbosphoric acid. They are all 
hydrogen acids; and their respective fonnulsd are POo»H; 
PO7, Hs; and POb» Hs. Now as every hydrogen acid forms 
a neutral salt by the substitution of a metal for the hydrogen^ 
these acids, if they exist, must require respectively, 1, 2 and 3 eq. 
of base to neutralise them, and must of course, produce totally 
distinct salts: according to the equations, POo, H + MObb 
POe. M + HO; PO7, H + 2MO=:P07, Mi-f2H0; and 
P>Ot, H3 + 3MO«PO., Mj + 3H0. 

MONOBASIC PH08PHATS8. 

According to the above views, therefore, the general formula 
for a monobasic phosphate is POe, M, orPOs, MO. Monobasio 
phosphate of soaa, P Oc, Na, or P O5, Na O, is obtained by heat- 
mg the acid tribasic phosphate of soda to redness, when it loses 
2 eq. of water, and monobasic phosphate is left. It is soluble but 
not crystallizable, and gives, with chloride of barium, a bulky 
precipitate, which is P Os, Ba, or P O5, BaO ; and with nitrate 
of silver, a flaky white precipitate, which is POc, Ag, orPO^, 
AgO. 

BtBASIO PHOSPHATES. . 

Of these there are two series, as one of the 2 eq. of base 
may be basic water, or both may be fixed base. The general 
formulae for the two series are P Ot, Ma, or P 0, 2 M ; and 

^®^ ]m®^^^* ]mo ^»*>asic phosphate of soda, PO 7, Naa, 

or P O5, 2 Nu 0, is obtained by exposing to a red-heat common 

tribasic phosphate of soda, which loses 1 eq. of water, and is 

converted into the new salt. It is soluble and crystallizable» 

and gives, with nitrate of silver, a granular white precipitate, 

which is P 07,"^ Aga, or P O5, 2 Ag 0. When the acid tribasic 

phosphate of soda is heated to 400*^, it loses 1 eq. of water* and 

(H (H O 

leaves the acid bibasic phosphate, P O7 -j^ or ^ 0« -jir q 

TRIBASIO PHOSPHATKS. 

Of these, which are the most usual phosphates, there are three 
series, the general formulae for which are as follows: POt,Ms, 

orPO*, 3M0: POt jj^ or PO* J^m0**°^^^' {m* 
,p^ (2 HO. 

Common phosphate of Soda belongs to the second series : it is 

CH (HO 

^ ^" / Na ^' ^ ^* 12 Na O ^^^"^ ^» *^ which, id the crystals, 

are added 24 eq. of water of crystallisation, by the addition of 
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caustic soda, it is converted into P Os, Nas, or P O5, 3 Na ; 
and by the addition of phosporic acid, until it ceases to precipitate 
chloride of barium, it is converted into the acid tribasic salt, 

^ ^' JNa ^^^^* %^0 ^^^^ ^'*^**® ^^ ®^*^®'' ^^^^^ ^^ 
these salts yields a lemon-yellow precipitate, which is tribasic 
phosphate of silver, P Oa, Ag, or P O5, 3 Ag O. 

Microcosmic salt, much used as a blowpipe re-agent, is a triba- 

(H (HO 

sic phosphate, P Oa -jNa + 8 aq. or P 0« -JNa + 8 aq. 

(NH4 (NH4O. 

N H4 here represent ammonium. 

Bone phosphate of lime is a peculiar compound, (8 Ca -|- 3 P 

0,+HO)=»(PO. j5^^+2(PO..Ca3)):orPO. J^^^q 

-|-2P05,3CaO), and may be viewed as a compound of two forms 
of tribasic phosphate of lime. 

The double phosphate of ammonia and magnesia, which occurs 
'n some urinary calculi, and is also found in the husk of grain and 
other vegetable products, appears to be an anomalous phosphate^ 
containing (P Ob, 2 Mg O, 2 N Hs, 10 H 0), but how arranged is 
not known. 

This salt always separates as a sparingly soluble or insoluble 
granular precipitate, when phosphoric acid, ammonia, and mag- 
nesia meet in neutr^ or alkaUne solutions, and therefore its forma- 
tion may be made a test, either of the presence of phosphoric 
acid, or of that of magnesia. 

I have lately (see the process for preparing pure phosphoric acid 
from bones, page 128) obtained a new phosphate of magnesia. 
It is quite insoluble, and its formula is 3 P 0« -f" 2 Mg O, or, adopt- 
ing the higher atomic weight for phosphorus (see page 134), 3 P 
05-f3MgO. 

This is a most remarkable composition, because it is quite anom- 
alous, if we adopt the views above developed on the constitution 
of the phosphates. We cannot consider it as a monobasic, a 
bibasic, or a tribasic phosphate. 

We may, it is true, adopting the older views regarding phos- 
phoric acid, and rejecting ail that we have learned concerning the 
three modifications of &at acid, view it as an acid sesquiphos- 
phate of magnesia. But it is easy to see that this view is quite 
irreconcilable with that which we must adopt regarding all other 
known phosphates. It is, therefore, possible, not to say probable, 
that this salt, being formed at a certain temperature, may contain 
a fourth modification of phosphoric acid ; which will be Pe Ois, 
2 H 0, when free, and the salts of which will be Pe Ois, 2 M 0, or 

Ps Ois •Jtt Q* This point requires further investigation. 
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Hie salts of anenic acid are extremely analogous to tlioee of 
tribasic pbosphoric acid ; indeed thej are so similar in fiann. color, 
solability, ^e.» that to dtsUngnish the arseniate of a base from the 
eorresponding tribasic phosphate^ we most ascertain the presence 
of arsenic. 

The onlj ascertained case in which a well-marked difference in 
external properties exists, is in the case of the arseniate of sOrer, 
which, insti^d of being yellow, like the corresponding tribasic 
phosphate, b of a dark, brick red color. The aiseniates are tri- 
basic, and their general formnke are. As Ot , M3 ; or As 0<, 3 IC O: 

Sereral arseniates are foond natiTe. 



CHBOMA1 

These salts are yellow, orange, or red, the latter eolor predomi- 
nating when the add b in excess, except in the case of dichromate 
of lead, which is red. The soluble chromates are recognised by 
their color, which is changed to green when alcohol and hydro- 
chloric add are added, and the mixtore is boiled. The general 
ibrmnla for neutral chromates is M O, Or O3; and for bichromateSy 
MO,2CrOa. 

Neutral chnmiate of potash, E O, Or O3, forms beautiful yellow 
crystals, isomorphous with sulphate of potash. It is formed by 
neutralizing the bichromate with potash. 

Bichromate of potash, K O, 2 Cr Os, is much used in calico- 
printing, and is obtained by fiising chromine iron ore with nitre. 
The ore, contains sesquioxide of chromium, Cr» Os, which is 
oxidized by the nitre into chromic acid, Crs Oc ^ 2 Cr Oa, and 
this combines with the potash of the nitre to form neutral chromate 
This is dissolved and filtered, and the warm solution acidulated 
with acetic acid, which takes half the potash, and, on cooling, the 
bichromate is deposited in beautiful red crystals. 

Both these salts, especially the bichromate, have a very delete* 
rious action on the system, when their solutions are brought much 
in contact with the skin, causing sores, which are very painful and 
difficult to heal. Paper impregnated with these salts, and dried, 
forms excellent tinder. The solutions have very powerful anti- 
septic properties. 

Dichromate of lead, 2 Pb O -|- Cr O3, is found native, as the 
red lead ore, forming beautiful red crystals. It may also be formed 
by fusing the neutral chromate of lead with nitrate of potash, or 
by boiling carbonate of lead witii chromate of potash ; and b much 
used as a paint. 

Chromate of lead, Pb 0, Cr O3, is an insoluble powder, of a 
very fine yellow color, much used in painting, under the name of 
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clirome yellow. It u fonned by the action of soluble salts of lead 
on chromate, or bichromate of potash. 

Chromate of silver, Ag O, CrOs, forms dark green crystals, 
which are red by transmitted liffht, and yield a deep red powder. 
When precipitated, the salt is of a rich dark red. 

Bichromate of silyer forms crimson-red tabnlar crystals Ag 0, 
2 Or O3. Chromate of mercury, Ag O, Gr Os, is a light red 
powder, which, when ignited, leayes sesquiozide of chromium of a 
rery fine green color. 

BORATBS. 

The only important borate is borax, which is a biborate of soda, 
13'a 0, 2 B 03 + 10 aq. It is found natiye but yery impure, in 
Thibet, and is purified in Europe. It is also now formed by add- 
ing soda to the natiye boracic acid obtuned from hot springs in 
Tuscany. Boracic acid is so feeble an acid that eyen the 2 eq« of 
it in borax do not fiilly neutralize the soda, so that borax is an 
alcaline salt. The borate of soda, with 1 eq. of acid« Na 0, B Oa 
+ 8 aq., is a strongly alcaline salt 

Borax b much used as a flux, on accotmt of its ready fusibility, 
and its high solyent power, at a red-heat. 

0ARB0NATB8. 

These salts are recognized by their being decomposed with 
efferyescence, the gas disengaged haying no offensiye smell, when 
acted on by amds. All the soluble carbonates, eyen those contiun- 
ing 2 eq. of acid to 1 of base, are alcaline, so that the tiOe of 
carbonic acid to the name of acid is doubtful. 

Carbonate of potash, KG, CDs, is anhydrous, deliquescent, 
not crystallizable, insoluble in alcohol. It is obtained pure by 
igniting cream of tartar, and lixiyiatinff the residue. In an impure 
state it constitutes pearlash and potashes, which, are, as the name 
implies, the ashes of plants. Carbonate of potash is much used 
as a flux in mineral analysis, and for the preparation of caustic 
potash, and other salts of potash ; also in the manufacture of soap, 
and of fflass. 

Bicarbonate of potash K O C O9 -{-2 aq., is obtained by expos* 
ing a strong solution of the carbonate to a current of carbonic add, 
or to the atmosphere of a fermenting yat, when the bicarbonate is 
deposited in crystals. The purest carbonate is obtained by 
igniting these crystals. 

Carbonate of soda, Na 0, C Ot -f- 10 aq., forms yery laroe 
rhomboidal crystals, which effloresce in the air. It was formerly 
extracted from kelp or barilla, which is the ashes of marine plants, 
but it is now made from sea-salt, far more cheaply, and in a state 
of perfect purity. The salt, Na CI, is first conyerted into sulphate 
of soda, Na 0, S O3, by bein^ heated with oil of yitriol. The sul- 
phate of soda is now mixed with saw-dust and lime, and heated in 
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a reverberatoiy furnace. Bj this means the sulphuric acid is 
decomposed, its sulphur partly uniting with calciam, and partly 
escaping as sulphurous acid, while the carbonic acid which is 
formed unites with soda. The carbonate is purified by crystalliza- 
tion, but generally retains a trace of sulphuric add. 

Carbonate of soda is Teir much used m the making of soap and 
glass, being both much cneaper and much purer uian ordinary 
potash. It is also much employed by washerwomen to render hard 
water soft, and m general to assist in washing, as it is powerfully 
detergent. 

Bicarbonate of soda, Na O, 2 COs -{- ai}., forms a white pow- 
der, which is alcaline, and is much used m medicine as a mild 
antacid, and as one of the ingredients in effeirescing or Seidlitz 
powders. 

The common commercial and medicinal carbonate of ammonia 
is a sesquicarbonate, 2 N Ha + 2 H + 3 C Oj . It is formed by 
heating a mixture of 2 parts of sal ammoniac and 3 of dried chalk, 
and sublimes as a hard crystalline volatile mass, having a strong 
smell of ammonia. When exposed to air, it loses ammonia, and 
&lls to a powder of bicarbonate : N H4 0, C Oa -|- H 0, C Oa. 

Carbonate ot baryta occurs native, as witherite. It forms, when 
artificially prepared, a heav^ wl ite powder, soluble in diluted 
hydrochloric and nitric acids* insoluble in water. It is very poison- 
ous. Formula, Ba O, C Oa. 

Carbonate of strontia resembles the preceding. It occurs native, 
as strontianite, in radiated crystalline masses of an apple-green 
color. It is not poisonous. Formula, Sr O, C Oa . 

Carbonate of lime occurs native, as marble, limestone, chalk, 
and calcareous spar. It also forms the chief part of shells, and 
is often found in springs, dissolved by an excess of carbonic acid. 
When such water, which is very hard water, is boiled, the excess 
of carbonic acid escapes, the carbonate of lime is deposited, and 
the water becomes, pro ianto, softer. Or, the same enect may be 
produced by adding just as much lime-water as will neutralize the 
bicarbonate of lime, when the whole is precipitated as neutral car- 
bonate : Ca 0, 2 COa + Ca = 2 (Ca 0, COa). 

When carbonate of lime is ignited in the open fire, it loses all 
its carbonic acid and becomes quick-lime. Toe uses of this sub- 
stance are well known. Formula of carbonate of lime, Ca O, C Oi. 

Carbonate of magnesia, Mg 0, C Oa , occurs as a rock in the 
East Indies. When a solution of bicarbonate is exposed to the 
air, crystals are deposited, which are Mg O, C Oa -|- 3 aq. Other 
crystals have been obtained, which were Mg, 0, C Oa -|- 6 aq. 
When carbonate of potash is added to a solution of sulphate of mag- 
nesia, a precipitate falls, which contains 4 Mg 0-1-3 C Oa 4~ 4 aq. 

Carbonate of protoxide of iron is formed when an alcaline car- 
bonate is added to a solution of protosulphate of iron. It falls as 
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a dirty white bulky precipitate, whKIi rapidly becomes green, and 
then brown, losing carbonic acid, and attracting oxygen, till it 
passes into hydrated peroxide of iron. It may be preserved as 
protocarbonate by mixing the fresh precipitate while still moist 
with sugar, and drying it in the water bath. In this state it is the 
carbonas ferri saccnaratus, and is a yery active remedy. It occurs 
in chalybeate waters, dissolved by excess of carbonic acid. Form- 
ida, Fe 0, C Oj + aq. 

There are two native carbonates of copper: the dicarbonate, 
2 Cu + C Oa + aq. in the beautiful green mineral called mal- 
achite ; and the carbonate, hydrated, in the fine blue copper ore, 
Cu O, H O + 2 ( Cu O, C Oj ). 

Carbonate of lead, Pb 0, C Oa, occurs native as white lead spar. 
Prepared artificially, it is ceruse, or white lead, much used as a 
white pigment. It is formed by the slow action of air, moisture, 
and the vapor of acetic acid on thin sheets of lead, by which the 
metal is oxidized and carbonated. It is the most poisonous of all 
the compounds of lead, and is apt to be formed wnen pure water 
(as rain water) is kept in leaden cisterns or conveyed in leaden pipes. 
It is not formed, however, when the water contains even a small 
proportion of saline matter, especially sulphates. These appear to 
protect the metal, and render the use of it safe. 

STTLPHUB SALTS. 

Berzelius has shown that sulphides unite together, and produce 
what he calls sulphur salts. Tne sulphides of potassium, sodium, 
and the strongly basic metals in general, act the part of bases ; 
and the sulphides of arsenic, antimony, molybdenum, dec, take 
the parts of acids. Thus sesquisulphide of arsenic combines with 
sulpnide of potassium, forming the arsenio-sulphide of potassium, 
E 8 -{"As S3, which corresponds to the arsenite of potash, K -|- 
As Os ; and as a general rule, the sulphur salts correspond to 
oxygen salts, and may of course be represented in two ways ; as, 
if we make the arsenite of potash E + As O4, the sulphur salt ^ 

will be E -|- As S« . The sulphides of hydrogen and carbon are VJ 

sulphur acids. The sulphur salts, as yet, are not of much practi- 
cal interest, although the tendency to form them is apphed to 
useful purposes in analysis. 

Sellenium and tellurium form similar compounds. 



I 



INDEX. 



FAOI 

DCDIO ATIOK 5 

PSBr AOB 7 

PVBLISUUl'S NOTIOB 9 

INORGANIC CHEMISTRY. 

LIGHT. 

PbTBlcAl PropeiilM of Light 11 

BefractioD of Light 12 

Befrartlon of Light throngh Lensae 14 

Spherical Aberration of Lenses 18 

Cbronialic Aberration 21 

Polarisation of Light 28 

FohulMtion by Reflection 26 

PolarlMtlon byBefraotlon 26 

Prodaction of €k>lor by Polarised Light. 28 

Epipolised and Flnoresoent Light 81 

Magnetising Properties of Light 88 

MagoetisaUon orlight 84 

Phosphorescence 84 

Phosphorescence by Insolation, or Irradi- 
ation 36 

Phosphorescence by Crystallisation 87 

Artitfclal Light 88 

Obemical Properties of Ught; or, Acttno* 

Chemistry 89 

Inflaenee of Bolar Light on the Growth 

of PUujts 48 

Combinations produced by Light 46 

Combinations accompanied by Decompo- 
sitions of Light 4T 

Decompositions produced by Light .... 49 
Beduction produced by Light—Chemis- 
try of Photography 49 

Hardwlck's Positiye Collodion Pro- 
cess 52 

Instantaneous Process of Mr. Fox 

Talbot 68 

The Chromotype 64 

Hunt's Ferrotype 64 

Wood's CaUlysotype 65 

Hunt's Sensitive Paper 66 

The Fliiorotype 66 

Bingham's Modified Process 66 

Hunt's Photographic Paper 66 

Hunt's Paper Daguerreotypes 67 

Talbot's Calotype Paper 6S 

The Daguerreotype 59 

PoaitiTes on Glass, or the Ambrotype. . . 60 

To make Gun-Cotton 61 

Preparation of Collodion 62 

Cleaningthe Plate 68 

Costing the Plate 64 

ExciUng the Plate 66 

Arrangement of the Sitter and Ex- 
posure In the Camera 63 



PAOB 

DeTclopement of Image 69 

Fixing the Image 70 

Finishing the Positive Picture 71 

Collodion Process for Negativea 7S 

Negative Collodion 78 

Cleaningthe Plate 78 

Coating the Plate 73 

Exciting the Plate^ and Exposure in 

the Camera 78 

Dcvelopement of the Image 76 

Fixing of the Image 77 

Varnishing the Plate 78 

CoUodio-Albumen Process 78 

Collodion Bath Solution 79 

Iodised Collodion 80 

Iodised Albumen 80 

Albumen Bath Solution 80 

Pyrogallic Solution 80 

Silver Developeing Solution 81 

FixingSolution 81 

Cleaning the Plate 81 

Coating with Iodised Collodion 81 

Exciting the Collodion Film 81 

Coating with Albumen 83 

Exciting the Albumen Coating 89 

Exposure in the Camera 88 

Developeins the Image 84 

Fixing the Image 86 

Vami&bing the Plate 86 

Printing Process 86 

Salting Paper by Imoierslon 86 

Salting Paper by Brushing 86 

Exciting the Salted Paper 87 

Printing Positives on Paper 88 

Toning the Picture 83 

Toning Bath 88 

Fixing Solution 89 

Albumenised Pi^MT 89 

Photographs of Iflerosoopic Objects 90 

HEAT. 

Heat in its Physical Balatlons; or, the 

Physics of Heat 91 

Badiation of Heat 91 

Conduction of Heat 98 

Conducting Power of Liquids 99 

Expansion of Gases 100 

Expansion of Liquids 101 

Air-Thermometer 104 

Differential Thermometer 104 

Air-Pyrometer 105 

Metallic Thermometer 106 

Metal Pyrometer 106 

Wedgewood's Pyrometer 106 

Thermometers of Fahrenheit, Cel- 
sius, and Beaumv 106 



424 









Xi«i»^'-i_»*"" 



"I* 



Itt^i :?•** 



._- ..J 



±.»*- 






* Jt V.CU' ^ 1-*- 



::i 



# 



I • 



I 

1 



•: *X . .i« Jim *..la € 



::« 



»-!,' 



J ' 

L 



'1. ^•- ■ 



- . ; t.- 
■ — ' ■ I*--- 
" - i -— i- 



*-;* 



t." ■ u» 



1 '.*rd* »i.r liiftc^-A 



-• 



* A 

tf 






::« 
in 






' •.. 






•-•*.- 



A •»/*•.:;'. -* of 



^. ♦ :• • t' :* • 

1/ »*-.;•»» •',•'1.1 M.'i 

ii"^' , .ST. 

f,r»-» . . .. lA 

t< /». >.' : i/»'.' if/j^* t * Z^ 

Ti^'.UtKOt il*rU li" 



... -:i S- : ' 

... :-r I. -1-*. 

... '.tt \' K ' -.• 

.- ''t.. Fi.- ... 



:r L/ji« <K V.-ce. 



J' 



.«♦. 






»y:ai: h*\MSUf>» : or. 






U^ i': )- ' » '/f I. . T '.'t 

O/'. '•-» * ' / !*"» #-r» '/ M^'JLJt J 

0&: V*:* ^. «^ \ •> u«'. K ^v/j-.z-.ty I'Ji 

Var ,'y -» f'trrn* of fi^'Urir* l-^ 

Trv.zL HiJi'*-ij l->4 

*•'>;.»,»««• <^ OiUfer bfc'UTjr i '-' 

0/{j»''A:.t " l->i 

i/f«/ '.*•'• ** ........ l-^* 

H'ifi»<-n'» •• 1 'T 

Cy**ri'iu<.'j'#fj of Oaivani^m 1- " 

0».vfc.'i'/'Ii»-/v,iM;<o»Ui<fii , i^J* 

£i4'i;tr'/-M<'tii .%rjfj 141 

K «"-trcrtj ;w' I'r'^vM 1 *-5 

Oiilv*m«'' huhiim l^i 

(i]yi-i,'^TkUtiv l-ti 



...... * t^ 

.. .. 175 

::s 

:75 

ITS 

17J 

• tl - - *♦ ♦^rr»H*»: 17f 

k- -. i - - f'_ if. • *-TUXT - . . . i7f 

' z. *< I vr:-,* «.-.'i.:ru.t. a... !■* 

.>r « 'f^r- :.* l?«l 

>' L' atxu;«>^^j>ipi' Cms.;* of 

f^ Hk- -.* 1?0 

I: -••-:- k:< :i.-i AnLr:::< IV.r.* \^ 

>• .'1..0. I'a^ «if tij* ^.^ iZ« lira. 

\ '.k 190 

I!* fc » * 

1 .'It - •-r»-.r 

Cri:' ;• of :.« 24oin*eik Cbe^s, And 

L ir.\.'* •• ISl 

C •'••'» 1^ 

T«-i»-'-;».* 1*^ 

K; ..j-7 IS* 

!!} r- ;.•.'•' *j Ib8 

in -*L cL E'«:<tn/-0«rii.j^ I>e- 

'-r..' Ti *:.«''^. i \^ j'f^F.. ■-«.«:•: 1S8 

Mf.ft'.ic trT'-M^r. ir:»« ixj^ Joibta. 1>4 
O] fcc :r of iLe c'on,<:« aad Leaoomm ls& 



1>1 
Idl 



C":i.; 



f#ly<-<,;:r*iiriv 14>'> 

No'.i.* ii.r^t'* 144" 

Tbemio-KU-rtr.< if 14& 

'I tt<-rm'/-Ki<nrjc»l K^mi^nU M'l 

I>«rt«''tiou» of th«' Nftdie 147' 



1S5 
]&< 

N«j-% u.* ••. 1*^ 

15T 
1ST 



\'^f\i\ ^i• of Uie in*. 

Cfc'ir'ict 



Cfticutu) in tnt ISl»<j>itfr. 

(.broiiic GUiJtlular Tamon IdT 

T'>*n, ISd 

Caxic*^ ISd 

„.. ,. . M ♦. . ii- Tbfc Klearic Muxa ....190 

^l::r:Mu!;w..^'.':-.?.::::::;::;: 1« M^uc«;«ndm.nof.uiutt« no 

rf»«. -AnintiU KurctrlcUy 

Mft^rri' li*rn 14* 

'I»M- <;ttlv»nofn<ter or «siIvamj*coi»e \A'J IsTEnprrrr^T iW 

OoM-Lfaf Cial^anovoiK' lo«" K»frntnU iW 



ii^-i:^^l^^!^'^ 14.I0RGANIC CHEMISTRY PROPER. 



KU'clricity in refvri'iice to the Earth \'>^ 

A urura lion-allJi 152 

Induction of MiiKn<-'llAni ^y the Influence 



AlUnity !•* 

Nouienclatare IM 

Combination !•• 



of « Magnet 152 I )econi position IW 



Ind union by the luflueoee of % Correot 

of Kl-rtrlclry ir>8 

KU'«:tro-Maiai«t— Heliacal RlDi^ 156 



MaKfiftoiiH'ter 



DeAnile Proportlona 200 

Table of Combining Proportfona *08 

Cam of Equivalent Numbers 204 



Kbctro-Miijfn*'tic Tek'Ufrapb 167 

Induction of KU<irlc-Jty 159 

Induction by the inflaencoof a Cur- 
rent of Elertricltv 159 

KU'Ctro-Dyiiainic lUjvolvIng Coll*.. 16<j 

Induction of a Current on Itself 161 

Induction by the Influence of a Magnet. 164 



157 I*Toportional Compounds W>T 



Decompositions *W 

Atomic Tlieory 210 

Symbols and Formnl» 21* 

Combination by Volumes 213 

Atomic Volumes 221 

lK>morpiii&m 224 

Isomerism 



nroEZ. 



425 



PAOI 

Metalloids 280 

1. Oxygen S88 

Oxides 282 

8. Ilydrogen 885 

water 287 

Beatoxide of Hydrogen 243 

8. Nitrogen , 248 

Atmospheric Air 244 

Endiomctry 246 

Protoxide of Nitrogen 247 

Deutoxlde of Nitrogen 248 

Hyponitrons Acld*<* • 249 

Nitrous Acid 249 

Nitric Acid 25() 

Amide: Ammonia- 252 

Ammonium 255 

< Chlorine 25T 

Hydrochloric Add 269 

Nltro-hydrochloric Add 262 

Hypochloroas Add 268 

Chlorons Acid 264 

Chloric Acid 265 

Perchloric Acid 265 

Compounds of Chlorine and Oxy- 

gen 266 

Perchloride of Nitrogen 267 

&. Bromine 268 

Hydrobromlo Acid : Bromio Add 269 

6. Iodine 270 

Hydriodlc Acid 271 

Iodic Acid 272 

Periodic Acid 278 

T. Fluorine 274 

Hydrofluoric Acid 274 

a Sulphur 275 

Sulphurous Acid 276 

Sulphuric Add 277 

Ilyposulphurous Add 281 

Uyiiosalphuric Acid 2S2 

Snlphuretted Uyposulphnric Acid 2b2 
Bisalphuretted Hyposulphnrio 

Add 282 

Tabular view of the Compounds of 
Sulphur and Oxygen: with a 
view of the Constitutloo of Adds 2<^ 

Sulphuretted Ilydrogen 2S4 

Pereulphurcttecf Hydrogen 285 

Sulphides of Ammonium 287 

Chlorides of Sulphur 28S 

9. Selenium 289 

Selenium with Oxygen and Hy- 
drogen 289 

10. Phosphorus 291 

Phosphorus with Oxygen 292 

Phosphoric Adds 298 

Theoretical views of these Acids... 396 

Phosphoretted Hydrogen 298 

Chlorides of Phosphorus 800 

Sulphides of Phosphorus 801 

11. Carbon 802 

Carbonic Oxide 808 

Carbonic Add 804 

Carbnrelted Hydrogen 806 

Cyanogen 807 

Sulphide of Carbon 808 

11 Boron 809 

Boradc Add 809 

Fluoride of Boron 810 

18. Silicon 811 

Silicic Acid 811 

Fluoride of Silicon 812 

lf«ta]8 818 

General Obeervallons on Metals 818 



PAO« 

Metals with Oxygen 815 

Bednction of Oxides 818 

Metals with Chlorine 819 

Metals with Sulpbnr 821 

Action of Water on Chlorides, Sul- 
phides, &a, Ac 828 

Alloys 824 

Classiilcatlon of Metals r 824 

Mr A18.— Cia*$ J. 826 

Order I. 

14. Potassium 829 

Potash 828 

Chloride, Iodide, Ao^ of Potassium 881 

15. Sodium 888 

Soda 885 

Chloride, Ac, of Sodium 885 

16. Lithium 88T 

Ammonium 888 

Ord€r J J. 

17. BariumiBaryta 889 

Chloride, Ac, of Barium 840 

19. Strontium 841 

19. Calcium 348 

Chloride, &c, of Calcium 848 

20. Magnesium 844 

Magnesia 844 

Order in. 

21. Aluminum 845 

Alumina 858 

22. Olncinum: 28. Yttrium 858 

24 Thorinnm: 25. Zirooniom 858 

Mktals.— C^OM //. 
Order I. 

26. Manganese: its Protoxide 854 

Peroxide of Manganese 855 

Manganic Add 856 

Permanganic Add 856 

Chloride, dec, of Manganese 858 

27. Iron 858 

Protoxide of Iron 860 

Sesquioxide of Iron 860 

Magnetic Oxide of Iron 361 

Chloride, <kc, of Iron 868 

Carbides of Iron 864 

28. Zinc: Oxide of Zinc 864 

Chloride, &c, of Zinc 865 

29. Cadmium 866 

80. Tin 867 

OxideeofTin 867 

Chlorides, &«., of Tin 868 

81. Cobalt: Oxides of Cobalt 869 

Chlorides, &&, of Cobalt 870 

82. Nickel 871 

Oxide, Chloride, d^, of Nickel .... 378 

Order JI. 

88. Arsenic: ArsenlousAdd 878 

Detection of Arsenic 874 

Arsenic Add 87T 

Arseniuretted Hydrogen 879 

Sulphides of Arsenic 879 

84. Chromimn : its Sesquloxlde 880 

Chromic Add 880 

Chloride, Aua^ of Chromium / 881 

85. Vanadium 888 

VanadioAdd 883 

86. Molybdenum 888 

87. Tungsten : TungsUc Add 884 

88. Columbium 895 

88. Antlmonv: its Sesquloxlde 885 

Antimonloas and Antlmonlc 

Adds 880 

Chlorides, &e., of Antimony 8ST 

Sulphide of Antimony 887 



426 



INl>i£X. 



PAOK 

40. Uranlam 887 

41. Geriam : 42, lADtaninm 888 

48. BlBmnth : Oxide of Blamoth 398 

4L TlUniam: TltanloAdd 889 

46w Telluriam 890 

4«. Copper 890 

Oddea, Chloridee, Aoi, of Copper. 891 

4r. Leed 892 

Oiidesof Lead 898 

Chloride, Jba, of Leed 898 

Ord€r III. 

48. Mercury 894 

Oxides, Chloridea* Aa, of Iferconr 895 

49. BlWer 897 

Oxide, Chloride, dto., of Bilver 898 

60. Gold 899 

Oxldea, Chlorides, &Cn of Oold.... 400 

61. PlaUiram 401 

Oxides Chlorldesi 'i^i of FUtinnm 403 

68. Irldlam 408 

8& Ounlom 408, 



FAQB 

64. Palledlnm 404 

66. Rhodlom 404 

Alloys 405 

Salts 406 

Theories of the Constftntton of Salts. ... 406 

Salts of Inorganic Acids 408 

Sulphates 409 

Doable Sulphates 411 

Solphites 419 

Nitrates 419 

Chlorates 414 

Hypochlorites 414 

lodates 416 

Phosphates 416 

Mooobsslc sod Bibaslo Phosphates.. 416 

Trihasio Phosphstes 416 

Araeniates 418 

Chromates 418 

Borates 419 

Carbonates 419 

SolphnrSslti 481 



